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THE  QUALITY  OF  SURFACE  WATERS  IN  MINNESOTA. 


By  R.  B.  Dole  and  F.  F.  Wesbrook. 


rXTRODUCTIOX. 

The  following  paper  outlines  the  general  characteristics  of  surface 
waters  in  Minnesota  and  the  various  factors  that  tend  to  modif}"  the 
quality  of  the  drainage.     It  includes  the  results  of  nearly  two  years' 
field  and  laboratory  work  done  by  the  United  States  Geological  Sur- 
vey in  cooperation  with  the  Minnesota  State  board  of  health.     First 
the  general  features,  both  natural  and  economic,  that  influence  the 
quality  of  the  meteoric  water  and  impart  to  the  lakes  and  streams 
their  essential  characteristics  are  reviewed.     Next  each  drainage  area 
is  considered  in  detail,  the  streams  are  described,  the  sources  of  pollu- 
tion are  discussed,  and  the  results  of  chemical  analyses  and  bacterio- 
logical examinations  are  given.     Statistics  are  presented  regarding 
practically  all  of  the  municipal  water  supplies  in  the  State,  and  the 
relative  value  of  the  surface  and  ground  waters  for  general  con- 
sumption is  discussed.     At  the  end  is  a  description  of  the  laboratory 
methods  employed  in  the  chemical  and  bacteriological  work. 

During  the  summer  of  1903  arrangements  wore  made  whereby  a 
study  of  Minnesota  surface  waters  was  commenced  jointly  by  the 
United  States  Geological  Survey,  the  Minnesota  vState  board  of  health, 
and  the  chemical  department  of  the  ITniversity  of  Minnesota.     Cer- 
tain sections  of  the  State  were  assigned  to  each  party  of  the  agnuMnent 
for  investigation.     In  pursuance  of  this  project  samples  were  collected 
atBrainerd,  Hastings,  Mankato,  Prescott,  Rochester,  St.  Cloud,  Sauk 
fiapids,  and  Wabasha,  during  the  fall  of  1903,  by  representatives  of 
the  Minnesota  State  board  of  health.     Three  trips  over  the  territorA' 
assigned  to  the  United  States  Geological  vSurvey  wen*  made  l)y  K.  B. 
Dole,  assistant  hydrographer,  between  November  25,  1903,  and  May 
22, 1904,  during  which  time  samples  were  collected  at  Aitkin,  Bemidji, 
Biwabik,   Brainerd,  Cass  Lake,   Cloquet,   Crookston,   Ely,   Evoleth, 
jrrand  Rapids,  Hibbing,  Sparta,  Tower,  and  Virginia.     During  the 
irst  seven  months  of  1904  samples  were  collected  by  representatives 
)f  the  State  board  of  health  at  Anoka,  Fort  Snelling,  Granite  Falls, 
Hastings,   Mankato,   Montevideo,   New  Tim,   Ortonville,    Prescott, 
iedwood  Falls,  Rochester,  and  Wa])asha.     (PI.  I.)     At  each  place 
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visited  samples  were  collected  in  glass  bottles  and  forwarded  by  ex- 
press for  chemical  analysis  to  the  State  laboratories,  where  they  were 
examined  by  H.  C.  Carel,  assistant  professor  in  medical  chemistry, 
University  of  Minnesota,  who  was  employed  by  the  State  board  of 
health  to  perform  the  chemical  examinations  of  water.  Samples  for 
bacteriological  examination  were  also  collected  at  the  same  time  and 
plated  in  the  field  and  the  cultures  were  sent  by  express  to  the  labora- 
tory for  incubation  and  examination.  In  addition,  field  tests  were 
made  for  certain  constituents  at  the  time  of  collection. 

In  the  summer  of  1904  an  agreement  between  the  United  States 
Geological  Survey  and  the  State  board  of  health  was  made,  by  which 
an  employee  of  the  Survey  was  detailed  by  the  Survey  and  appointed  I 
by  the  board  to  do  such  chemical  work  from  August  1,  1904,  to  July  I 
31,  1905,  inclusive,  as  might  be  necessary  in  an  extended  examination  ] 
of  waters  of  the  lakes  and  streams  of  Minnesota.  During  that  period 
the  chemical  analyses  were  performed  by  R.  B.  Dole,  assistant  hydrog- 
rapher,  in  a  laboratory  at  Minneapolis  specially  equipped  for  the 
purpose  by  the  State  board  of  health.  The  bacteriological  examina- 
tion of  the  water  samples  was  conducted  as  formerly  in  the  laboratory 
of  the  State  board  of  health,  by  Dr.  E.  H.  Beckman,  assistant  bacte- 
riologist to  the  board.  Both  the  chemical  and  the  bacteriological  work 
were,  during  the  entire  cooperation,  under  the  immediate  supervision 
of  Dr.  F.  F.  Wesbrook,  director  of  the  laboratories  of  the  State  board 
of  health  of  Minnesota.  In  order  to  continue  the  comprehensive  survey 
of  the  surface  waters  in  the  State,  points  were  selected  in  each  drain- 
age area  at  which  samples  should  be  taken  at  regular  intervals  for 
examination.  Sixty-five  stations  were  thus  established,  at  which 
samples  were  taken  in  regular  series — one  sample  during  the  fall  of 
1904,  (me  during  the  winter  of  1904-5,  and  one  during  the  spring  of 
1905. 

In  addition  to  the  results  obtained  by  the  laboratory  work  thus  per- 
formed, it  was  considered  especially  important  to  procure  all  available 
information  concerning  matters  of  hydro-economic  importance  in  the 
sections  visited,  and  a  large  amount  of  time  was  expended  in  gathering 
data  concerning  every  feature  of  municipal  activity  which  in  any  way 
affects  water  in  its  relation  to  public  health  or  public  utilities.  At 
every  place  where  it  was  })ossible,  a  personal  inspection  was  made  of 
waterworks  systems,  sewerage,  and  effluent-discharging  factories,  and 
detailed  information  was  obtained  concerning  water  and  sewerage 
systems,  ice  supply,  sewage-disposal  works,  water-borne  diseases,  and 
general  water  resources.  In  this  manner  information  was  procured 
regarding  a  majority  of  the  principal  cities  and  villages.  In  the  spring 
of  1905  correspondence  was  carried  on  with  reliable  persons  in  such 
important  settlements  as  had  not  been  visited  in  order  to  procure  the 
sme  kind  of  information,  so  that  by  the  end  of  July,  1905,  data  were 
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on  file  concerning  practically  every  settlement  in  the  State  having  a 
population  of  more  than  1,000  according  to  the  census  of  1900,  and 
also  concerning  practically  every  waterworks  system  in  the  State. 
Active  field  work  was  discontinued  on  June  30,  1905. 

For  many  courtesies  extended  and  for  information  given,  acknowl- 
edgments are  here  made  to  the  health  officers,  waterworks  superintend- 
ents, city  clerks,  and  others  who  collaborated  with  the  authors  in  this 
investigation.  Special  thanks  are  due  to  Dr.  H.  M.  Bracken,  secre- 
tary of  the  State  board  of  health,  for  his  enthusiastic  support  and  for 
his  vast  local  and  general  knowledge  of  the  State,  which  was  at  all 

•  times  made  available  by  him  in  the  work;  thanks  are  also  due  to  the 
t  individual  members  of  the  State  board  of  health,  who  supported  the 
^  work  heartily  throughout  and  by  their  interest  made  it  possible,  and 
?.  to  the  individual  members  of  the  staff  of  the  laboratories  of  the  State 
-  board  of  health,  who  rendered  every  assistance  whenever  it  was 
■?   desired.    Mr.  Marshall  O.  Leighton,  chief  hydrographer,  water  resources 

*  branch  U.  S.  Geological  Survey,  originally  suggested  the  work  and 
?  has  followed  it  carefully  throughout,  guiding  it  and  helping  in  the 
S    correlation  of  the  practical  and  scientific  sides  at  all  times. 

{j  NATURAIi  FEATURES. 

m 

\  TOPOGRAPHY. 

The  greater  part  of  Minnesota  is  slightly  rolling  prairie,  forest,  or 
swamp  land  lying  between  1,000  and  1,500  feet  above  sea  level.  Its 
watersheds  are  usually  morainic  in  character,  elevated  but  little  above 
the  surroimding  country.  The  northeastern  section,  above  Lake 
Superior,  is  the  only  part  that  can  be  called  mountainous.  There  a 
series  of  ridges  comprising  the  Sawteeth  and  Mesabi  ranges,  extends 
from  the  international  boundary,  near  Gunflint  Lake,  southwestward 
to  Mississippi  River  at  Grand  Rapids,  through  Cook,  Lake,  St.  Louis, 
and  Itasca  coimties.  It  includes  the  Vermilion  and  Mesabi  iron-bear- 
•  ing  districts.  The  highest  recorded  elevation  is  2,230  feet"  above  the 
sea  in  the  Misquah  Hills,  Cook  County.  The  next  highest  section  of 
elevated  topography,  known  as  the  Leaf  Hills,  extends  in  a  nearly 
north-south  line  through  Ottertail  and  Douglas  counties.  These 
hills  stretch  northward  through  Becker  and  Clearwater  counties  in  a 
plateau;  on  the  east  and  the  west  they  slope  gently  to  the  broad  val- 
leys of  Mississippi  River  and  Red  River,  respectively.  The  highest 
part  of  this  tract  is  not  over  1,750  feet  above  sea  level.  In  the  south- 
western part  of  the  State  the  Coteau  des  Prairies,  commonly  known 
as  the  Dakota  foothills,  enter  from  Soutli  Dakota  and  extend  south- 
eastward through  Lyon,  Murray,  and  Nobles  counties  to  the  Iowa 
boundary.     They  are  composed  of  drift  deposits  and  in  Minnesota 

a  Winchell,  N.  fl.,  Oeol.  and  Natural  History  Survoy  ol  Minn«'sota,  Final  Uopl.,  vol.  4,  p.  317. 
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reach  a  maximum  elevation  of  about  2,000  feet  above  the  sea.  Low 
and  comparatively  insignificant  ridges,  generally  glacial  in  origin,  form 
the  watersheds  throughout  the  rest  of  the  State.  The  lowest  parts  of 
the  State  are  the  points  at  which  the  three  great  drainage  systems 
cross  its  boundary.  St.  Louis  River  enters  Lake  Superior  at  an  ele- 
vation of  602  feet^  above  sea  level;  Red  River  leaves  the  State  at  a 
mean  elevation  of  767  feet;^  and  Mississippi  River  is  617  feet*'  above 
the  sea  at  the  southern  border. 

HYDROGRAPHY. 
RIVERS. 

Minnesota  contains  within  its  boundaries  the  headwaters  of  three 
great  drainage  systems.  Approximately  one-tenth  of  its  surface, 
comprising  the  St.  Louis  drainage  area  and  the  small  streams  entering 
Lake  Superior,  is  in  the  Laurentian  basin.  The  Hudson  Bay  system, 
through  its  great  tributaries,  Red  River  and  Rainy  River,  drains 
about  three-tenths  of  the  State's  area  in  the  north  and  west  sections. 
The  rest  of  Minnesota  is  tributary  to  Mississippi  River  either  directly 
or  through  its  large  branches,  Missouri,  Des  Moines,  Cedar,  St.  Croix, 
and  Minnesota  rivers. 

In  tliis  report  the  water  conditions  are  discussed  under  the  following 
headings:  (1)  Mississippi  River  basin  above  Minnesota  River;  (2) 
Minnesota  River  basin;  (3)  St. Croix  River  basin;  (4)  Mississippi  River 
basin  between  Minnesota  River  and  the  Iowa  line;  (5)  Red  River 
basin;  (6)  St.  Louis  River  basin;  (7)  Rainy  River  basin;  (8)  Mis- 
souri River  basin;  (9)  Des  Moines  River  basin;  (10)  Cedar  River 
basin. 

Mississippi  River  drainage  area  above  Minnesota  River  includes 
the  river  from  its  source  to  Fort  Snelling  and  comprises  the  broad, 
gently  sloping,  forested  and  deforested  lands  in  the  north-central 
part  of  the  State.     (See  PI  II.) 

Minnesota  River  drainage  area  comprises  a  broad  tract  extending 
across  the  State  from  South  Dakota  to  the  confluence  of  this  river 
with  Mississippi  River  at  Fort  Snelling.  It  includes  parts  of  north- 
eastern South  Dakota  and  northern  low:..     (See  PI.  III.) 

St.  Croix  River  drainage  area  includes  part-  of  eastern  Minnesota 
and  a  large  part  of  northwestern  Wisconsin.  The  area  tributary 
to  Mississippi  River  above  the  southern  boundarj'  of  Minnesota 
comprises  more  than  three-quarters  of  Wisconsin,  together  wdth  the 
countrj^  considered  under  St.  Croix  River,  Minnesota  River,  and 
Mississippi  River  above  Minnesota  River.  Therefore  a  discussion  of 
this  lower  section  and  the  main  stream  must  necessarily  have  fre- 
quent reference  to  the  rivers  above  mentioned.     (See  PI.  IV.) 


a  Gannott,  Henry,  Dictionary  of  altitudes  in  the  United  iStates:  Bull.  U.  S.  Geol.  Survey  No.  274. 
i>  Final  Kept.  Minnesota  Geol.  and  Nat.  Hist.  Survey,  vol.  1,  p.  122. 
c  Mississippi  River  Commission.    Charts  of  Mississippi  River. 
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The  Lake  Superior  basin  in  Minnesota  is  a  comparatively  small 
area,  20  to  100  miles  wide,  along  the  north  and  west  shores  of  Lake 
Superior.  Most  of  the  streams  are  short  and  flow  through  an  unset- 
tled section  of  the  State.  The  St.  Louis  drainage  area  comprises  the 
greater  part  of  this  basin.     (See  PL  VI.) 

Red  River  drainage  area  in  Minnesota  extends  from  the  middle  of 
the  western  boimdary  north  to  Canada  and  east  beyond  Red  Lake. 
North  Dakota  as  far  west  as  Devils  Lake  is  tributary  to  Red  River. 
A  small  tract  in  the  northwestern  comer  of  South  Dakota  lies  in  the 
basin  of  Red  River.     (See  PI.  VII.) 

Rainy  River  has  tributary  to  it  a  strip  of  the  northern  part  of 
Minnesota  along  the  international  boundary,  extending  from  North 
Lake,  a  few  miles  northwest  of  Lake  Superior,  to  Lake  of  the  Woods. 

Mi^ouri  River  receives  the  drainage  from  a  small  area  in  the 
southwest  comer  of  the  State  that  is  traversed  by  Rock  and  Little 
Sioux  rivers. 

Des  Moines  River  has  its  headwaters  in  the  southwestern  part  of 
Minnesota.  Its  drainage  area  includes  parts  of  Pipestone,  Murray, 
Xobles,  Cottonwood,  Jackson,  and  Martin  counties. 

Cedar  River  flows  south  through  Freeborn,  Mower,  and  Dodge 
counties  near  the  southern  boimdary  of  the  State. 


LAKES. 


Minnesota  contains  probably  a  larger  number  of  lakes  than  any 
other  State  in  the  Union.  The  latest  authority  gives  84,682  square 
miles  as  the  total  area  of  the  State,  of  which  3,824  square  miles,  or' 
about  4.4  per  cent,  is  water.**  In  addition  to  the  above  area  2,514 
square  mile«  of  Lake  Superior  are  within  the  State.  Lake  of  the 
Woods  forms  part  of  the  northern  boimdary.  Lake  Traverse  and 
Bigstone  Lake  form  part  of  the  western  boundary.  Lake  Pepin,  an 
enlargement  of  Mississippi  River,  about  23  miles  long  and  3  miles 
wide,  forms  part  of  the  eastern  boundary.  The  following  table 
shows  the  names,  location,  and  areas  of  the  principal  lakes  in  the 
State: 

Table  1. — Principal  lakes  of  Minnesota. 


Lake. 


Albert  Lea. 
Alexander . 
ba« 

Bswwood. . 
^idji . . . 
Benton 


County. 


Drainage  area. 


Freeborn I  Cedar 

Morrison I  Mississippi 


Itasca 
Lake . . . 
Beltrami 
Lincoln . 
Bigstone. 


Mississippi. 
Rainy 


Water  sur- 
face. 


Sq.  miles. 


Minnesota . 
Minnesota . 


ft  9. 5 


C18.5 

•Ganoftt,  Henry,  The  areas  of  the  United  SUtes,  the  States,  and  the  Territories:  BuU.  U.  S.  Oeol. 
«jrj*y  No.  302.  1906,  p.  5. 
•Miaajrpd  with  planiraeter  from  best  available  maps. 
'Ann.  Bept  Chief  of  Engrs.  U.  S.  A.  for  1898,  p.  1838. 
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Table  1. — Principal  lakes  of  Minnesota — (''ontinued. 


Lake. 


Bow  String . . 

Brule 

Burntside . . . 

Cass 

Cormorant  . . 
Crooked .... 

Dead 

Fish 

Green 

Greenwood . . 

Gull 

Gun  Flint .  . 

Heron 

Ida 

Itasca 

Kabetogama . 
La  Croix 

Leech 


Lida 

Long 

Loone 

Millelacs 

Miltona 

Minnetonka 

Minnewaska.  .  . 

Namekan 

Nequowuon 

Net 

Osakis 

Ottertail 

Pelican 

Pelican 

Pepin 

Pine 

Pokegama 

Rainy 

Red  (upper) 

Red  (lower) 

St.  Croix 

Saganaga 

Sandy 

Snowbank 

Swan 

Thief 

Traverse 

Trout 

Vermilion 

West  Battle .  .  . 
White  Bear. .  . . 
White  Fish 

Winnibigoshish. 


County. 


Drainage  area. 


Water  sur- 
face. 


Itasca. 
Cook. 


St.  Louis i  Rainy 


Rainy 

Lake  Superior. 


Ca 

Becker .... 
St.  Louis.  . 
Ottertail... 
Crow  Win^ . 
Kandiyohi. 
Cook. 


Mississippi . 

Red 

Rainy 

Red...... 

Mississippi . 


Lake  Superior. 


Cass Mississippi 

Rainy 

Des  Moines . 
Mississippi. . 
Mississippi . . 

Rainy 

Rainy 

Mississippi . . 

Red 

Rainy 

Jlainy  - .  - ;  - 
Mississippi. . 
Mississippi. 
Mississippi. 
Minnesota.  . 

Rainy 

Rainy 

Rainy  -  -  -   - 
Mississippi . 

Red 

Mississippi. 
Rainy ..... 

Mississippi. 
Red...... 

Mississippi. 

Rainy 

Red 

Red 

St.  Cn>ix . . 
Rainy 

Mississippi. 

Rainy 

Minnesota . 

Red 

Red 

Rainy 

Rainy  . . .'. . 

Red 

Mississippi . 
Mississippi. 

Mississippi. 


Cook. 
Jackson .  .  .  . 
Douglas .  .  . . 
Clearwater .  . 
St.  Louis. .  . 
St.  Ix)ui8 .  . . 

Cass ....... 

Ottertail 

St.  I/)ui8 .  .  . 
St.  Louis .  .  . 
Millelacs. .  . 
Douglas . .  . . 
Hennepin .  . 

Pope 

St.  Ix)uis .  .  . 
St.  liouis .  .  . 

Itasca 

Todd 

Ottertail 

Crow  Wing . 
St.  Louis . .  . 
Goodhue . . . 

Ottertail 

Cass 

Itasca 

Beltrami 

Beltrami 

Washington . 
Cook 


Aitkin .... 

Lake 

Nicollet.  .  . 
Marshall .  .  . 
Traverse . . . 
St.  liOuis .  . 
St.  Ix)uis .  . 
Ottertail... 
Ramsey .  .  . 
Crow  Wing. 

Itasca 


a  Measured  with  planimeter  from  best  ava  lable  maps. 

fr  High  water;  see  p.  .38. 

<■  Low  water;  see  p.  38. 

dOeoI.  and  Nat.  Hist.  Snrvev  Minnesota,  Final  Rent.,  vol.  ] 

«  Ann.  Kept.  Chief  ol  Engrs.U.  S.  A.  for  1898,  p.  1838. 


Sq.  miles. 
«18 


,  p.  613. 


a  14 
«29 


a  15 


aL5 
«40 


<i200 


o2l 
«11 


o  16 


023 
«16 
«21 


a  207 

a  287 


«I6 


MS.  8 
a  14 
0  66 
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Most  of  the  lakes  are  shallow  and  of  glacial  origin  and  are  being 
gradually  eliminated  by  silting,  drainage,  and  perhaps  other  modi- 
i  tying  agencies,  so  that  it  is  only  a  question  of  time  when  their  num- 
\  ber  will  be  greatly  reduced. 

DRAINAGE  DrPCHES. 

[      On  account  of  their  unaccented  topography  large  sections  of  the 
f  State  contain  extensive  swamp  areas  which  are  agriculturally  useless 
[  until  they  have  been  artificially  drained.     Some  rivers  are  dispersed 
:  in  large  swamps  covered  with  decaying  black  spruce,  tamaracks,  mosses, 
reeds,  and  small  shrubs.     In  order  to  convert  these  areas  into  culti- 
;   vable  lands,  canals  and   networks  of  drainage  ditches  have  been 
i  dug.    In  1893  "  the  State  legislature  appropriated  $100,000  for  drain- 
I   age  work  in  Red  River  Valley  and  at  the  same  time  created  a  body 
i   known  as  the  Red  River  Valley  Drainage  Cominission,  which,  under 
[   the  act  of  1901,  was  reorganized  as  the  drainage  commission  of  the 
i    State  of  J^Cnnesota.     At  the  end  of  1899  the  commission  had  com- 
:    pleted  117.47  miles  of  ditches  in  Clay,  Grant,  Kittson,  Marshall,  Nor- 
man, Polk,  Traverse,  and  Wilkin  counties.     Since  1901  considerable 
work  has  been  done  in  Wadena  and  Aitkin  counties  and  in  other  sec- 
tions.   The  total  number  of  miles  of  ditches  built  by  the  State  at  the 
end  of  1904  was  206.25.     The  work  is  by  no  means  completed.     Large 
swamp  sections  still  remain  in  the  unsettled  portions  of  the  Rainy 
Lake  area  and  the  upper  Mississippi  Valley.     In  addition  to  the  work 
done  by  the  State  most  of  the  counties  in  Minnesota  have  expended 
more  or  less  money  in  draining  lands  within  their  borders  and  large 
areas  have  been  drained  by  private  corporations. 

FLOODS. 

The  melting  of  snow  in  the  spring  and  the  accompanying  heavy 
rainfall  cause  general  floods  throughout  the  State.  In  the  fall  hea\y 
rains  frequently  cause  the  streams  to  run  very  high.  During  these 
floods  the  water,  which  is  then  in  its  worst  condition  from  a  sanitary 
standpoint,  is  most  difficult  to  purify.  A  large  ciuantity  of  organic 
matter  that  has  accumulated  on  the  surface  of  the  ground  is  washed 
into  the  streams,  together  with  disintegrated  soil.  With  the  rise  of 
water  and  the  consequent  acceleration  of  stream  velocity  the  sedi- 
ment in  the  beds  of  the  rivers  is  removed  and  carried  on  by  the  freshet. 
The  enormous  influx  of  soft  water  causes  a  diminution  in  the  relative 
mineral  content  of  the  water,  for  while  the  turbidity  of  the  streams  is 
increased  the  percentage  of  dissolved  matter  is  decreased.  Fortu- 
nately, the  absence  of  steep  slopes  in  the  greater  part  of  the  State 
prevents  such  disastrous  floods  as  occur  in  mountainous  regions;  but 

a  Rali>h,  Oeoi^  A.,  Engineer's  Rept.  on  State  DralnageWork  in  Minnesota.    Crookston,  Minn.,  1904. 
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the  streams,  nevertheless,  sometimes  show  a  marked  general  rise. 
The  foUo\ving  table,  compiled  from  records  of  stream  measurementS| 
shows  the  fluctuations  of  the  principal  rivers: 

Table  2. — Annual  fuctuaiion  of  river  level  in  Minnesota,  in  feet. 


Rivor. 

Place. 

1901. 

1902. 

Mississippi 

Altkino 

11.8 

Do 

Do 

Do 

Do 

Do 

Sauk  Rapids  b. .     . 

St.  Paulc 

6.2 

6.4 

Hastings  o 

7.3 

Red  Wingc 

6.3 

k 

Reeds  Landing <*         .  . 

8.              S.  9 

Do 

Winona"... 

5.6 

Minnesota 

Mankatoft 

Red  Lake 

Crookston  6 i        5. 7 

Grand  Forks  b  .      .      .  .     i 

Red  . 

Do 

Moorheadc 3.7 

1903. 


11.4 
6.2 
10.5 
12.3 
8.9 

n. 

12.3 
16.8 

4.1 
25.0 

6.9 


1904. 

1905. 

M&ximaia 
varifttioiL 

liO 

6.3 

9.0 

7.3 

ao.» 

9.6 

18.7 

6.4 

lU 

7.6 

15  8 

7.6 

1&2 

6.5 

10.7 
10.0 
19.6 

n.2 

16.7 

34.6 

14.3 

3,4 

"Mississippi  River  Commission.    Stages  of  Mississippi  River,  1901-1904. 

b  Report  of  progress  of  stream  measurements,  1901-1905.  Water  Sup.  and  Irr.  Papers,  U.  S.  Geoi 
Survey. 

e  Daily  river  stages  of  the  principal  rivers  of  the  United  States,  Weather  Bureau,  U.  S.  Dept.  Agricul- 
ture, Pt.  VII,  wTb.  No.  339. 

Red  River  shows  the  greatest  variation  between  high  and  low  water. 
There  are  several  reasons  for  this:  (1)  The  land  in  the  basin  of  this 
stream,  though  it  is  not  mountainous,  slopes  gently  to  the  principal 
water  courses,  and  in  level  areas  or  places  where  there  is  opportunfty 
for  the  water  to  collect  in  swamps  ditches  have  been  dug  to  assist  in  its 
rapid  removal;  (2)  there  are  no  forest  trees  in  the  greater  part  of  the 
area  to  prevent  rapid  run-off  and  quick  melting  of  snows  and  ice 
during  a  rise  of  temperature;  (3)  the  area  contains  no  large  storage 
reservoirs  except  Red  Lake.  As  a  result  of  these  factors  the  -entire 
region  has  a  quick  run-off.  The  spring  flood  on  Red  River,  as  shown 
by  gagings  made  by  the  United  States  Geological  Survey  at  Grand 
Forks,  N.  Dak.,  occurs  during  the  month  of  April  and  is  the  most 
important  rise  of  the  year.  During  the  other  spring  months  and  in 
October  heavy  rainfall  sometimes  causes  floods  of  less  magnitude. 
The  same  condition  exists  on  Minnesota  River,  the  drainage  area  of 
which  is  in  many  respects  similar  to  that  of  Red  River. 

Mississippi  River  in  its  upper  part,  as  shown  by  gagings  at  Aitkin 
and  at  Sauk  Rapids,  is  subject  to  a  series  of  floods,  which  generally 
begin  in  April  and  last  until  the  latter  part  of  June.  Summer  rains 
cause  freshets,  but  these  are  of  much  less  importance  than  those  on 
Red  River.  Heavy  rains  in  September  and  October  sometimes 
cause  nearly  as  great  freshets  as  those  that  occur  in  the  spring.  The 
conditions  in  the  Mississippi  drainage  area  are  distinctly  different 
from  those  in  the  Red  River  region,  namely:  (1)  Much  of  the  upper 
section  of  the  valley  is  forested;  (2)  the  area  comprises  large  swamps; 
(3)  extensive  impounding  reservoirs  have  been  constructed  for  the 
purpose  of  holding  back  flood  waters.  Therefore  floods  on  the  Mis- 
sissippi are  not  particularly  high.  Gagings  of  the  lower  river  between 
St.  Paul  and  the  southern  boundary  of  the  State  present  a  very  com- 
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)lex  series  of  floods.  At  "Winona,  Minn.,  there  is  a  rise  in  the 
alter  part  of  March,  another  in  April,  and  a  still  larger  one  during 
tfay.  Doubtless  these  separate  freshets  are  due  to  the  fact  that  the 
ce  and  snow  on  different  tributaries  melt  at  different  tunes.  Heavy 
-ainfalls  usually  cause  freshets  in  September,  October,  or  November. 

CLIMATE. 

Six  climatological  stations  of  the  United  States  Weather  Bureau 
ire  situated  within  or  near  the  area  under  consideration:  Duluth, 
Minn.,  at  the  head  of  Lake  Superior,  is  in  Lake  Superior  basin;  Moor- 
liead,  Minn.,  about  midway  between  the  north  and  south  boundaries 
of  the  State  on  its  western  border,  is  in  Red  River  drainage  area; 
Minneapolis  and  St.  Paul,  Minn.,  are  situated  in  the  eastern  part  of 
the  State,  near  the  confluence  of  Minnesota,  upper  Mississippi,  and  St. 
Croix  rivers.  Though  Bismarck,  N.  Dak.,  is  somewhat  west  of  the 
region  imder  study  its  climate  may  be  considered  typical  of  the  west- 
era  half  of  Red  River  drainage  area.  As  a  balance  to  this  western 
station,  La  Crosse,  Wis.,  near  the  southeastern  comer  of  Minnesota, 
has  been  added. 

TEMPERATURE. 

The  following  table  shows  the  mean  temperature  for  each  month 
throughout  the  year,  calculated  from  the  records  of  these  stations, 
which  have  been  established  for  periods  ranging  from  fifteen  to  thirty- 
five  years: 

Table  3. — Mean  temperature  in  the  Northwest ^  in  degrees  FaJ^enheit.a 


SUtion. 

Jan. 

Feb. 

liar. 

Apr. 

May. 

June. 

July. 

Aug. 

65 
66 
68 
71 
70 
71 

Sept. 

Oct. 

45 
44 
44 

48 
50 
50 

Nov. 

Dec. 

Annual. 

DalatlL... 

10 
3 
6 
12 
14 
16 

13 
6 
9 
15 
14 
19 

24 
22 
22 
28 
29 
31 

38 
42 
42 
46 

47 
48 

48 
&5 
55 
58 
58 
60 

58 
64 
64 
67 
68 
69 

66 
68 
09 
72 
72 
73 

57 
56 
57 
60 
62 
62 

29 
25 
27 
31 
32 
34 

17 
12 
15 
19 
20 
23 

39 

HooAead 

Blimaick.. 

St.  PriL....!**" 

38 
40 
44 

ifinneapolia 

UCiosae 

45 
46 

Mean. 

10 

12 

26 

44 

56 

65 

70 

68 

59 

47 

30 

18 

42 

•  From  compiled  records  of  the  U.  S.  Weather  Bureau,  Washington,  D.  C. 

The  mean  annual  temperature  for  the  entire  region  is  42°  F.     Though 
the  variation  from  this  figure  from  year  to  year  is  not  large,  the  tem- 
perature reaches  great  extremes  at  certain  seasons,  so  that  the  annual 
range  considerably  exceeds  100°,  as  is  shown  by  Table  4. 
Tablb  4. — Extremes  of  temperature. a 


Station. 

Highest  1  A^^T^ 

Lowest 
observed. 

Average 
mini- 
mum. 

Average 
annual 
range. 

potatli 

99 
101 
106 

90 
95 
100 

-41 
-48 
-44 
-40 
-33 
-43 

'>F. 

-    -27 
-30 
-32 
-24 
-24 
-22 

117 

¥<^A«d.v.  : :  ■/:    

125 

BiiiMitlc....           

132 

s-pwj-.....:::" : ::. •." 

104  ;             95 
102                95 
ion                95 

119 

jfinwapolia..                   

119 

uTtoSk!^:::: :::::: :....:::;.:.:.... 

117 

«From  compiled  records  o£  the  U.  S.  Weather  Bureau,  Wasliington,  D.  C. 
OB  193—07 2 
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The  average  maximum  temperature  is  about  95°  and  the  average 
Tnininnim  temperature  about  —27°.  January,  the  coldest  month  m 
the  year,  has  a  mean  of  10°,  and  July,  the  warmest,  a  mean  of  70' 
The  coldest  section  is  Red  River  valley,  and  here  also  are  found  the 
greatest  extremes  of  temperature.  The  region  around  Lake  Superior, 
doubtless  on  account  of  its  proximity  to  that  large  body  of  water, 
experiences  the  least  changes.  The  portion  having  the  highest 
average  temperature  is  the  southern  half  of  Minnesota,  in  which  the 
mean  temperature  is  45°. 

PERIOD   OP  FROST. 

In  the  northern  section  the  temperature  falls  below  freezing  about 
the  latter  part  of  October  and  rises  above  that  point  early  in  April 
The  first  severe  frosts  in  autumn  occur  about  the  beginning  of  Octobe 
and  the  last  in  spring  about  the  first  of  May.  The  period  during 
which  the  lakes  and  rivers  are  closed  by  ice  is  influenced  not  only  by 
temperature,  but  by  the  velocity  of  flow  and  the  size  of  the  body  of 
water  and  the  percentage  of  ground  water  flowing  into  it.  The  foV 
lowing  table  gives  approximately  the  period  during  which  the  prin- 
cipal rivers  are  closed  at  certain  points: 

Table  5. — Ice  period  of  principal  rivers. 


River. 


Date 
closed. 


Red 

Minnesota.. 
Mississippi. 


Moorhead Dec.     1 

Mankato Dec.     I 

Aitkin Nov.  20 

Mississippi St.Paul Dec.     6 

Mississippi I  Redwing Dec.    5 


n«#-         Time 

D»to        closed 

opened.   ^^^, 


Mar.  20  '  3.i 

Apr.    1  I  4 

Apr.  10  ^ 

Mar.  20  ' 
Mar.  20  i 


II 


In  general,  lakes  are  frozen  over  during  the  5  months  of  Novem- 
ber, December,  January,  February,  and  March.  The  port  of  Duluth 
is  closed  about  4  months  in  the  year  on  account  of  ice  in  the  Great 
Lakes.  Devils  Lake,  a  large  body  of  water  in  North  Dakota,  in  Red 
River  drainage  area,«  is  generally  frozen  from  the  middle  of  Novem- 
ber to  the  first  of  May,  a  period  of  5i  months.  The  thickness  of  the 
ice  in  different  lakes  and  rivers  varies  from  1  to  45  inches. 

PRECIPrrATION. 

The  mean  annual  precipitation  is  27  inches  of  rain  and  melted  snow, 
though  this  figure  may  vary  considerably  from  year  to  year  in  differ- 
ent parts  of  the  area.  It  has  been  known  to  be  as  low  as  11.03  inches 
at  Bismarck,  N.  Dak.,  and  as  high  as  44.74  inches  at  La  Crosse,  Wis. 

a  NeweU,  ¥.  U.,  Water  Supply  and  Xrr.  Paper  No.  95,  U.  S.  Qeol.  Survey,  p.  2». 
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These  extremes  show  the  extent  of  variation  between  wet  and  dry 
years.  The  average  rainfall  at  6  stations  in  the  Northwest  is  shown 
in  Table  6. 

Table  6. — Precipitation  in  the  Northwest. a 


station. 

Jan. 

Feb. 

Mar. 

April.         May. 

June. 

Dulath 

a98 

.66 
.56 
.89 
.65 
1.09 

1.02 
.67 
.53 
.87 
.78 

1.05 

1.55 
1.04 
1.08 
1.69 
1.70 
1.57 

2.12 
2.36 
1.92 
2.34 
2.35 
2.36 

3.31 
3.02 
2.34 
3.31 
3.41 
3.61 

4.23 

ICoorhead 

4.14 

BixmAvvk ,.,.., 

3  56 

St.  Paul 

4.41 

Minneapolis 

3.98 

La  Crosse 

4.45 

Mean 

.80 

.82 

1.42 

2. 24  1          3. 17 

1 

4.13 

July. 

Aug.   ;  Sept. 

Oct. 

Nov. 

Dec. 

Annual. 

Daluth 

3.75 
3.93 
2.20 
3.48 
4.14 
4.04 

3.44 
3.10 
1.97 
3.68 
3.83 
3.49 

3.67 
2.23 
1.19 
3.28 
3.39 
4.03 

2.71 
2.09 
1.03 
2.41 
2.71 
2.50 

1.63 
.92 

.67 
1.24 
1.12 
1.47 

1.26 
.67 
.61 

1.09 
.93 

1.31 

29.98 

Moorhrad 

24.60 

Bi«Tivi-ir1r 

18.14 

St.  Paul 

28.42 

If  innAapnlift _  , 

28.65 

La  Crome . . , . , .... 

30  83 

ir«*Ti      

3.59 

3.25 

2.06 

2. ''4 

1.16 

.98 

26.77 

«Prom  records  compUed  by  U.  8.  Weather  Bureau,  Washington,  D.  C. 

There  is  a  period  of  heavy  rainfall  from  May  to  September,  inclusive. 
The  precipitation  is  generally  least  in  January,  during  which  month 
it  does  not  often  exceed  one  inch.  During  the  period  of  greatest  pre- 
cipitation there  are  frequent  heavy  rainstorms,  which  in  the  defor- 
ested and  prairie  regions  cause  the  streams  to  rise  rapidly.  Snow 
falls  in  every  part  of  the  region.  The  average  annual  fall  is  40  inches 
of  dry  snow,  most  of  which  is  precipitated  in  the  region  around  Lake 
Superior,  though  the  severest  blizzards,  during  which  there  is  t^e 
greatest  precipitation  at  one  time,  occur  in  the  western  part  of  Red 
River  Valley.  The  heaviest  storms  occur  generally  during  December 
and  March.  The  precipitation  during  the  later  part  of  the  winter 
causes  heavy  floods  in  the  spring,  for  the  rapid  melting  of  the  snow  on 
the  ground  after  the  spring  rise  in  temperature  coincides  with  the 
heavy  rains  of  April  and  May. 


SUMMARY. 

At  many  points  throughout  the  region  under  consideration  volun- 
tary observers  record  the  temperature  and  the  precipitation.  Unfor- 
tunately these  records  have  not  been  continued  long  enough  tofumish 
data  for  reliable  deductions  concerning  the  general  weather  conditions 
of  each  drainage  area.  Therefore  the  following  figures,  representing 
averages  made  from  the  records  of  36  stations  in  Minnesota,  North 
Dakota,  and  Wisconsin  may  be  subject  to  change  as  further  data  are 
recorded. 
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Table  7. — Mean  annual  temperature  and  precip%tation.a 


Area. 


Temper- 
ature. 


Preoipj- 
tation. 


Superior 

Upper  Mississippi. 

Minnesota 

Lower  Mississippi. 

St.  Croix 

Red 


Degrees  F. 
39 
41 
43 
45 
41 


Inchet. 

30 
27 
26 
31 


oCk>mputed  from  records  given  in  Ann.  Repts.  o£  Chief  of  Weather  Bureau,  1892-1904,  inclusiire. 

In  general  the  climate  of  Minnesota  is  typical  of  the  central  part  of 
the  temperate  zone.  Since  there  are  no  high  mountains  to  protect 
the  State,  it  is  exposed  to  the  cold  winds  of  Canada  and  to  the  warm 
waves  of  the  lower  Mississippi  Valley.  The  treeless  plains  of  its 
western  section  experience  the  greatest  extremes  of  temperature  and 
receive  the  least  rainfall.  The  region  around  the  Great  Lakes  has 
the  least  variation  of  temperature  and  a  high  total  precipitation. 
There  is  measurable  precipitation  on  about  ten  days  in  each  month 
in  every  part  of  the  area;  and  the  year  can  not,  therefore,  be  divided 
into  a  rainy  and  a  dry  season.  To  this  even  distribution  of  the  rain 
throughout  the  warmer  half  of  the  year  this  section  owes  its  remark- 
able fertility  and  its  adaptabDity  to  many  kinds  of  crops.  The  ground 
freezes  in  November  and  thaws  in  the  latter  part  of  March  or  the  first 
of  April.  During  the  period  of  low  temperature  the  rivers  and  lakes 
throughout  the  State  are  frozen.  In  the  spring  heavy  rains  accom- 
pany the  rise  of  temperature  that  causes  the  melting  of  the  accumu- 
lated snow  and  ice. 

The  following  table  summarizes  the  important  weather  conditions 
in  the  region  considered: 

Table  8. — Summary  of  weather  conditions  in  the  Minnesota  region. 


station. 

Temperature,  °F. 

Precipitation  in 
inches. 

Dates  fo 
froi 

r  severe 
its. 

Spring. 

Mean. 

Range. 

Average 
total. 

Average 
snowfall. 

FaU. 

Duluth 

39 
38 
40 
44 
45 
46 
42 

117 
125 
132 
119 
119 
117 
122 

29.98 
24.00 
18.14 
28.42 
28.65 
30.83 
26.77 

54 

38 
34 
38 
40 
39 
42 

Oct.     4 
Sept.  22 
Sept.  15 
Oct.     5 
Sept.  30 
Oct.     6 
Sept.  28 

May    3 

Moorhead 

May  14 

Bismarck 

May  15 

St.  Paul 

May    6 

MinneapoH? . . . . , .,.-,..., ,..,,. 

Mav    2 

La  Crosse 

May    1 

Entire  area 

May    7 

GEOLOGIC  FORMATIONS  AND  SOILS. 

Probably  no  other  natural  feature  has  more  profound  influence  on 
the  character  of  surface  waters  than  the  chemical  composition  of  the 
rocks  over  or  through  wliich  they  flow.  At  all  seasons  of  the  year  a 
certain  percentage  of  the  stream  flow  above  ground  is  derived  by 
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ppage  from  the  water-bearing  strata  that  outcrop  along  the  banks 
the  rivers  and  in  lake  bottoms.  In  winter,  when  the  surface  of  the 
ound  is  frozen  and  there  is  no  surface  drainage,  the  stream  supply, 
:cept  that  which  is  produced  by  irregular  and  intermittent  thaws,  is 
^rived  from  underground  water.  Therefore  the  nature  of  the  geo- 
gic  formations  and  the  character  of  the  water  contained  in  them  are 
iportant  features  to  be  considered  in  a  study  of  surface  waters, 
he  soil  and  the  subsoil  also  have  great  influence  on  the  character  of 
le  water  of  streams  and  lakes,  becaiise  rain  water  dissolves  more  or 
ss  of  the  soluble  soil  constituents  and  is  thus  modified  in  its  chemical 
)mposition  before  it  finds  its  way  to  the  water  courses. 

GEOLOGIC   FORMATIONS. 

Greologically,  Minnesota  may  be  divided  into  three  sections:  (1)  A 
Drtheastem  division,  embracing  the  districts  adjacent  to  Lake  Supe- 
or;  (2)  an  eastern  tod  southeastern  division,  reaching,  with  one 
ight  interruption,  from  the  head  of  Lake  Superior  southward  into 
)wa,  and  (3)  a  western  district,  embracing  the  remainder  of  the 
Late.« 

The  northeastern  division,  embracing  the  Mesabi  and  Vermilion 
on-bearing  districts,  includes  the  Laurentian  basin  and  that  part  of 
ainy  River  drainage  area  that  lies  directly  north  of  it.  The  forma- 
ons  are  mainly  crystalline,  consisting  of  quartz,  gneisses,  schists,  and 
ther  igneous  and  metamorphic  rocks.  There  are  valuable  outcrops 
r  these  earUer  formations  at  St.  Cloud  and  in  the  area  northeast  of 
lat  city. 

At  many  places  along  Minnesota  River  the  bed  of  the  stream  is 
ranite  in  plac^.  The  ore  deposits  in  the  iron  districts  contain  large 
uantities  of  water,  which,  on  one  hand,  embarrass  miners,  and,  on  the 
ther,  afford  water  supplies  for  neighboring  municipalities.  None  of 
lese  rocks  except  the  ore  deposits  transmits  much  water.  The  early 
>nnations  are  covered  by  a  deposit  of  drift,  of  variable  thickness, 
hich  affords  a  supply  of  water  for  shallow  wells. 

The  eastern  and  southeastern  division,  extending  from  Ijake  Supc- 
or  to  the  Iowa  boundary,  is  underlain  by  Cambrian  and  Ordovician 
)cks.  The  belt  comprising  these  formations  gradually  ^ridens 
)ward  the  east  and  west  in  its  extension  southward  from  the  northern 
»ction  of  this  region,  in  upper  St.  Croix  valley.  These  rocks  consist 
F  a  succession  of  sandstones,  shales,  dolomites,  and  dolomitic  lime- 
ones,  of  variable  thickness,  which  dip  generally  southward.  The 
►west  water-bearing  stratum  is  the  basal  sandstone,  sometimes 
►cally  known  as  the  **  Potsdam.^'  This  is  overlain  by  a  succession  of 
lales  and  dolomites  called  the  ^'St.  Lawrence  formation,"   above 


I  Hall,  C.  W.,  Hydrology  o£  Minnesote:  Water-Sup.  and  Irr.  Paper  No.  102,  U.  S.  GeoL  Survey,  p.  441. 
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which  lies  in  turn  the  ''Jordan"  sandstone,  a  strong  artesian  bed  over 
100  feet  thick.  The  next  rock  containing  water  is  the  New  Rich- 
mond sandstone,  of  variable  thickness  and  locally  absent,  which  is 
separated  from  the  ''Jordan"  below  by  the  Oneota  limestone  ("Lower 
Oneota").  The  St.  Peter  sandstone  is  separated  from  the  New  Rich- 
mond by  the  Shakopee  limestone  C' Upper  Oneota").  Both  the 
Oneota  and  the  Shakopee  are  beds  of  impervious  dolomite  and  con- 
tain no  water.  The  St.  Peter  sandstone  is  a  strong  water-bearing 
body,  of  varying  thickness,  extending  from  the  region  around  St. 
Paul  continuously  southward  beneath  the  surface  through  the  State 
of  Iowa,  where  it  affords  a  supply  for  many  artesian  wells.  It  is 
covered  by  an  impervious  limestone  which  has  been  classed  as  the 
"Trenton-Galena." 

The  western  division  includes  the  upper  part  of  Minnesota  River 
Valley,  all  of  Red  River  Valley,  and  part  of  upper  Mississippi  Valley. 
It  is  covered  by  rocks  of  the  Cretaceous  system,  named  in  succession,* 
beginning  with  the  earUest,  the  Dakota,  Benton,  Niobrara,  and  Pierre 
formations.  These  consist,  respectively,  of  sandstone  of  considerable 
thickness  containing  a  few  scattered  beds  of  shale  and  lignite;  alter- 
nating shales  and  clays  with  some  limestone;  calcareous  marl  blend- 
ing into  the  limestone  of  the  Benton;  and  shales  and  clays,  sandstones, 
and  sandy  shales.  The  Dakota  sandstone  is  the  source  of  the  supply 
of  the  famed  artesian  basin  of  the  Dakotas.  The  Cretaceous  beds 
overlie  Archean  and  Algonkian  rocks  in  an  area  in  the  northern  part 
of  Minnesota  that  extends  as  far  east  as  Allen  Junction,  south  of  the 
Mesabi  range,  and  cover  Cambrian  and  Ordovician  rocks  in  the  south- 
western part  of  the  State.  Deposits  of  drift  lie  at  the  surface  through- 
out the  State  of  Minnesota  except  in  a  comparatively  small  area  in 
its  southeast  comer  that  forms  a  part  of  the  "Driftless  Area,"  which 
comprises  portions  of  Minnesota,  Wisconsin,  Iowa,  and  Illinois.  The 
Pleistocene  deposits  vary  considerably  from  place  to  place  in  thick- 
ness and  character,  and  the  waters  they  contain  are  therefore  more 
variable  chemically  than  those  that  occur  in  the  lower  rocks. 

Waters  derived  from  the  Cretaceous  r()cks  are  strongly  alkaline, 
and  the  fact  that  they  contain  many  saline  deposits  is  shown  by  the 
character  of  the  water  coming  from  some  portions  of  Red  River  Val- 
ley. Waters  obtained  from  the  sandstones  in  the  eastern  part  of  the 
State  are  much  less  strongly  mineralized  than  those  coming  from  the 
sandstones  of  the  western  part,  though  their  hardness  is  influenced  by 
contiguous  limestones  and  dolomites.  Waters  from  the  older  rocks 
naturally  show  the  least  mineralization,  and  waters  from  the  ore 
bodies  in  the  iron  ranges  do  not  contain  ingredients  that  make  their 
economic  use  undesirable,  such  as  appear  in  mine  drainage  in  many 
other  sections  of  the  country. 

o  Uphani,  Warren,  The  Glacial  Lake  Agassiz:  Mon.  U.  8.  GeoL  Survey,  voL  26,  pp.  81-K2. 
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soil  and  subsoil. 

Pour  distinct  kinds  of  subsoil  are  found  within  the  State:"  (1)  Blue 
till,  (2)  red  till,  (3)  gravel  and  sand,  (4)  clay  or  clay  loam.  These 
different  kinds  of  soil  owe  their  general  characteristics  to  contiguous 
earlier  formations,  and  these  characteristics  in  turn  determine  or  influ- 
ence the  condition  of  the  soil  and  the  drainage  in  the  region  where 
each  predominates. 

The  blue  till,  derived  principally  from  the  disintegration  of  rocks 
of  the  Cretaceous  formations,  is  strongly  impregnated  with  salts  of 
the  alkalies  and  of  the  alkaline  earths.  The  prairie  part  of  Minnesota 
is  characterized  by  soils  of  blue  till,  except  in  parts  of  Red  River 
Valley,  where  the  soils  are  derived  from  lacustrine  clays,  and  in  a  few 
places  where  they  are  derived  from  loess  loam.  These  soils  corre- 
spond, in  general,  to  the  section  of  Cretaceous  rocks,  though  their 
alkaline  content  decreases  toward  the  east  as  they  become  modified 
by  the  minerals  of  other  systems. 

The  red  till  contains  a  large  amount  of  iron  oxide,  practically  no 
alkaline  salts,  and  somewhat  less  alkaline-earth  compounds  than  the 
blue  till.  Red-till  subsoils  extend  from  the  northeast  comer  of  the 
State  southwestward  to  St.  Paul,  where  they  begin  gradually  to  blend 
into  the  blue-till  subsoils  of  the  western  portion  of  the  State  and  the 
clay  loams  of  the  Drif  tless  Area. 

The  gravel  and  sand  subsoils  consist  of  modified  till,  their  local 
character  being  determined  by  the  character  of  the  till  in  the  regions 
where  they  occur.  They  are  abimdant  in  parts  of  the  morainic 
deposits  known  as  the  Leaf  Hills. 

Clay  or  clay-loam  subsoils  were  deposited  from  the  great  sheets  of 
fresh  water  that  once  covered  large  sections  of  the  State.  They  owe 
their  predominating  characteristics  to  the  character  of  the  till^from 
which  they  were  derived,  but  contain  much  less  alkaline  material. 
They  appear  throughout  the  lower  part  of  Red  River  Valley.  Clay- 
loam  subsoils  are  also  found  in  lower  Mississippi  Valley  and  in  the 
low^er  section  of  St.  Louis  Valley. 

ECONOMIC  T)K^T:L(>PMENT. 

POPULATION. 

The  rapid  increase  of  population  in  Minnesota  is  a  most  important 
element  to  be  considered  in  studying  the  resultant  inevitable  increase 
in  the  pollution  of  its  lakes  and  streams.  Before  the  first  quarter  of 
the  nineteenth  century  the  region  was  practically  an  unsettled  wilder- 
ness, containing  only  a  few  scattered  trading  posts  belonging  to  the 
Hudson  Bay  Company.     In  1819  a  military  reservation,  now  known 

a  WincheU.  N.  li..  Final  Kept.  Oeol.  and  Nat.  Hist.  Survey  Minnesota,  vol.  1,  pp.  125-128. 
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as  Fort  Snelling,  was  established  by  the  United  States  Govemment 
at  the  confluence  of  Minnesota  and  Mississippi  rivers.  Settlement  has 
steadily  progressed  from  that  time  to  the  present.  Prairie  land  of 
great  fertility,  easy  of  access  by  water,  attracted  pioneers  from  all 
over  the  world.  At  the  end  of  30  years  it  was  deemed  advisable  to 
set  apart  from  Wisconsin  the  territory  of  Minnesota.  In  1858  the 
State  of  Minnesota  was  admitted  to  the  Union.  The  following  table, 
giving  the  population  for  the  area  now  included  within  its  boundaries, 
shows  how  rapidly  the  increase  has  taken  place: 

Table  9. — Total  population  of  Minnesota  from  1850  to  1906,^ 


Census. 

Popular 
tion. 

Percent 
increase. 

InbAbi- 

tantsper 

squazv 

mile. 

1850 

6,077. 

172  023 

439,706 

780,773 

1,301,826 

1,751,394 

1,979,912 

aos 

1860 

2,730.7 
165.6 
77.6 
66.7 
33.8 
&13 

2.2 

1870 

&6 

1880 

9.9 

1890 

1&5 

1900 

22.1 

1905 

25 

o  Figures  tor  1850-1900  are  from  U.  8.  Census;  those  tor  1905  are  from  State  Census, 
ft  Percentage  increase  in  five  years. 

At  the  time  of  the  first  official  census,  taken  soon  after  the  organi- 
zation of  the  Territory,  the  population  was  concentrated  in  the 
region  lying  within  a  few  miles  of  St.  Paul  and  in  a  settlement  oh  Red 
River  in  Pembina  (now  Kittson)  County.  Between  1850  and  1870 
there  was  an  enormous  influx  of  settlers  to  the  southern  and  central 
parts  of  the  State.  Sinc^  that  time  the  percentage  of  increase  has  been 
always  considerably  higher  than  the  average  for  the  rest  of  the  United 
States.  The  number  of  inhabitants  per  square  mile  is  rapidly  increas- 
ing. In  spite  of  this  growth,  however,  the  State  is  still  a  pioneer 
countr\^  Its  density  of  population  is  little  more  than  half  that  of  the 
general  average  for  the  basin  of  Mississippi  River,  the  most  thickly 
settled  portion  is  still  in  the  region  near  St.  Paul  and  Minneapolis, 
while  in  the  Rainy  River  drainage  area  the  population  is  considerably 
less  than  one  person  per  square  mile,  and  many  townships  are  practi- 
cally uninhabited.  That  this  region  will  not  long  remain  in  its  pres- 
ent unsettled  condition  is  shown  by  the  constant  migration  to  it. 
The  prospective  removal  of  forests  and  the  drainage  of  swamps  will 
undoubtedly  result  in  the  establishment  of  farms  with  their  attendant 
trading  centers  and,  from  a  sanitary  standpoint,  other  foci  of  pollution. 

PRINCIPAL  INDUSTRIES. 


AGRICULTURE. 


The  chief  reason  for  the  progress  and  development  of  the  State  in 
general  has  been  the  abundance  of  inexpensive  land  remarkably  well 
suited  to  the  cultivation  of  cereals. 
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Tablb  10. — CJnef  agricultural  products  in  Minnesota,  1899.  a 

Bushels. 

Wheat 95,278,060 

Com 47,250,920 

Oata 74,054,150 

Potatoes 14,043,327 

At  present  Minnesota  is  the  greatest  wheat-growing  State  in  this 
cx)untry,  about  12  per  cent  of  its  area  producing  that  crop.  Corn  is 
extensively  raised  in  the  southern  tier  of  counties,  along  the  Iowa 
line.  Oats,  barley,  rye,  and  potatoes  are  also  largely  cultivated. 
Red  River  Valley  west  of  Thief  River  Falls  and  Minnesota  River 
drainage  area  and  the  territory  south  of  it,  or  about  40  per  cent  of 
the  total  area  of  the  State  are  prairie  lands  with  rich  soil,  requiring 
small  investment  for  the  production  of  large  crops.  Upper  \Iissis- 
sippi  Valley  below  Brainerd,  now  practically  deforested,  contains  many 
farms.  As  soon  as  the  northern  counties  are  cleared  of  their  timber 
it  is  probable  that  the  entire  section  will  become  wheat-raising  farms, 
similar  to  the  part  now  under  cultivation. 

LUMBERING. 

One  of  the  greatest  attractions  in  Minnesota  for  explorers  and  set-- 
tlers  was  the  great  wealth  of  timber,  principally  white  pine.  Origi- 
nally a  line  extending  from  Thief  River  Falls  southeastward  to  the 
mouth  of  St.  Croix  River  would  have  marked  the  southern  bound ar>^ 
of  the  great  pine  region,  along  the  edge  of  which  stretched  a  belt  of 
hard-wood  forest  50  to  100  miles  wide.  At  present  the  greater  part  of 
the  standing  timber  is  in  the  northern  region,  in  Beltrami,  Itasca,  St. 
Louis,  Lake,  and  Cook  counties,  and  on  the  Indian  reservations.  St. 
Louis,  St.  Croix,  and  Mississippi  rivers,  the  principal  outlets  for  the 
limiber,  afford  easy  access  to  sawmills  and  cheap  conveyance  for  the 
sawed  material.  The  amount  of  organic  matter  introduced  into  these 
streams  and  their  tributaries  by  reason  of  the  lumber  industr^^  is  an 
important  factor  in  the  consideration  of  the  vahie  of  surface  water 
from  the  forested  regions.  A  greater  or  less  number  of  logs  at  all  sea- 
sons of  the  year  are  floated  in  the  rivers  and  lakes,  which  dissolve  the 
resinous  matter.  Sawdust  from  the  mills  is  a  serious  source  of  stream 
pollution.  The  total  amount  of  lumber  cut  in  Minnesota  during  1 899 
was  1,934,157,000  feet  B.  M.,  which  is  a  fair  average  for  the  cut  from 
year  to  year.  From  500,000,000  to  700,000,000  feet  are  cut  annually 
on  the  upi>er  Mississippi  alone  and  this  enormous  industrv^  will  con- 
tinue until  the  pine  forests  of  the  State  have  been  exhausted.  The 
result  of  this  removal  on  the  quality  and  amount  of  surface  water 
can  not  be  predicted. 

o  Twelfth  Census  U.  S. 
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COMMERCE. 

The  principal  trading  centers  of  Minnesota  are  Duluth,  Minneapo- 
lis, and  St.  Paul.  The  first  of  these,  situated  at  the  head  of  Lake 
Superior,  owes  its  importance  principally  to  its  enormous  traffic  in 
iron  ore,  which  is  received  by  rail  from  the  Mesabi  and  Vermilion  dis- 
tricts and  shipped  across  the  Great  Lakes.  It  is  also  a  shipping  point 
for  grain  and  lumber  and  has  a  large  import  trade.  It  is  the  centor 
of  commerce  for  the  northeastern  part  of  the  State  and  has  consider- 
able through  traffic  with  the  Pacific  coast. 

Table  11. — Chief  shipvients  by  water  from  Duluth,  190S-5.o^ 


I*roduct. 


Grain Imshels. 

LmnbtT feet  B.  M . 

Jron  ore gross  tons. 


1903. 


11,229,703 

365,712,000 

6,362,731 


1904. 


11,560,083 

344,109,000 

4,342,782 


190S. 


16,938,6» 

357,814,000 

8731,23 


o  Monthly  Summary  of  Commerce  and  Finance,  Bureau  of  Statistics,  Department  of  C-ommeroe  and 
Labor,  December,  1904,  pp.  906-907;  Deoemlwr,  1905,  pp.  706-721. 

Minneapolis  owes  much  of  its  growth  to  the  water  power  of  St. 
Anthony  Falls,  by  means  of  which  this  city  has  developed  the  largest 
flour  mills  in  the  world.  Its  principal  trade  is  in  wheat  and  lumber; 
it  is  a  distributing  point  for  all  9orts  of  manufactured  products 
throughout  the  Northwest. 

St.  Paul,  at  present  the  head  of  navigation  on  Mississippi  River,  i^ 
the  transfer  point  of  a  great  transcontinental  traffic.  It  has  a  large 
commerce  in  lumber,  live 'stock,  and  general  merchandise.  Regular* 
lines  of  steamers  run  from  St.  Paul  to  lower  ports  on  Mississippi  River, 
and  a  considerable  traffic  is  carried  on  by  other  vessels.  Lumber  is 
floated  in  enormous  rafts  down  Mississippi  River  to  St.  Louis  and 
other  southern  ports. 

Besides  the  three  cities  above  mentioned,  points  of  minor  commer- 
cial importance  are:  Winona,  a  distributing  point  for  southeastern 
Minnesota;  Mankato,  the  metropolis  of  Minnesota  Valley;  Fergus 
Falls,  on  Ottertail  River,  and  Crookston,  which  has  a  large  trade  in 
wheat,  Imnber,  and  agricultural  implements. 

MINING. 

Iron  is  the  only  metal  that  is  extensively  mined  in  Minnesota.  The 
discovered  deposits  are  included  almost  entirely  within  St.  -Louis 
County,  north  of  Duluth.  The  Mesabi  district,  which  extends  gen- 
erally northeast  and  southwest  across  the  county  and  forms  a  great 
part  of  the  north  boundary  of  St.  Louis  River  basin,  was  opened  in 
1892  and  quickly  became  the  largest  ore-producing  district  in  the 
Lake  Superior  region.  In  1904  the  output  of  this  one  district  alone 
was  over  40  per  cent  of  the  total  production  in  the  United  States. 
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North  and  somewhat  east  of  the  Mesabi  range  is  the  VermiHon  iron- 
faring  district,  which  was  opened  in  1884.  Its  annual  output  is 
om  one  million  to  two  million  tons  of  ore. 

Table  12.— Production  of  %r(m  ores  in  Minnesota,  1899-1904.^ 
[Long  l^nfl.] 


Year. 


L900. 
1901. 
1902. 

im. 

1904. 


Vermilion 

Mosabi 

range. 

range. 

1,643,984 

6,517,305 

1,675,949 

8,158,450 

1,805  996 

9,303,641 

2,057,632 

13,080,118 

1,918,584 

13,452812 

1,056  430 

11,672,405 

aBirkinbine,  John,  The  production  of  iron  ores  in  1904:  Mineral  Resouroea  U.  S.  for  1904,  U.  S.  Geo!. 
Sorvey,  1905. 

On  account  of  the  structure  of  the  ore  deposits,  water  traverses 
them  readily,  so  that  wherever  mining  is  done  the  water  must  be 
removed.     The  use  of  mine  water  in  this  section  does  not  present  seri- 
ous troubles  from  an  industrial  standpoint.     The  amount  of  dissolved 
soKdsit  contains  is  comparatively  small,  though  it  varies  considerably, 
depending  upon  the  length  of  time  it  has  been  in  contact  with  the 
underground  strata.     The  rapid  development  of  this  enormous  indus- 
try, however,  has  more  bearing  on  the  resultant  stream  pollution  by 
the  constantly  increasing  population.     In  1 880  'the  total  population  of 
St.  Louis  County  was  4,504.     North  of  Duluth  lay  a  wilderness  that 
was  invaded  only  now  and  then  by  lumbermen.     With  the  opening  of 
the  Mesabi  range  there  was  a  sudden  influx  of  prospectors  and  miners 
to  this  region  and  towns  sprang  up  there  as  if  by  magic.     In  1890  the 
population  of  the  county,  excluding  Duluth,  was  1 1,746;  in  1900  there 
were  nine  settlements  in  the  iron  districts,  having  a  population  exceed- 
ing 1,000,  and  the  total  number  of  inhabitants  in  the  county  had 
doubled  in  ten  years;  in  the  period  from  1900  to  1905  the  total  popu- 
lation increased  by  more  than  35,000.     With  this  rapid  growth  con- 
centrated in  mining  towns,  there  was  neglect  of  sanitary  precautions 
and  a  disinclination  to  heed  the  experience  of  similar  settlements  else- 
where.    Sewerage  systems  were  constructed  only  after  harsh  lessons. 
R^ater  supplies  were  taken  in  the  least  expensive  way  from  the  most 
convenient  sources,  generally  from  mine  sumps  or  small  creeks.     An 
nevitable  result  of  this  disregard  for  hygienic  measures  was  the  occur- 
ence of  severe  epidemics  of  typhoid  fever. 
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WATER-BORNE    DISEASES. 

GENERAL   DISCUSSION. 

The  value  of  water  as  a  municipal  resource  is  greatly  affected  bj 
its  liability  to  transmit  disease  from  one  locality  to  another.  Until 
recently  the  belief  was  more  or  less  general  and  even  yet  the  opinkn 
is  not  entirely  eradicated,  that  the  danger  of  water  Ues  in  part  in 
"miasmatic  vapors"  or  "fever  fogs/'  which  may  affect  those  who 
breathe  the  air  in  the  vicinity  of  swamps  or  other  stagnant  water. 
This  paludal  or  miasmatic  poison,  vague  or  indeterminable  in  ite 
origin  and  character,  was  believed  to  be  the  direct  exciting  cause  of 
malaria  or  ague  and  even  of  other  febrile  humors,  and  was  supposed 
besides  to  favor  the  spread  of  contagions  and  epidemics  in  general 
More  certain  knowledge  has  gradually  been  gained  concerning  the 
cause,  the  means  of  spread,  and  the  methods  of  preventing  disease, 
and  it  is  now  known  that  water  may  carry  living  oi^anisms  or  otte 
substances  that  produce  disease.  Chemical  substances  when  dissolved 
in  water  may  act  in  a  toxic  or  poisonous  way.  Even  comparatively 
pure  water,  especially  soft  water,  may  prove  dangerous  by  reason  of 
its  solvent  action  upon  lead  pipe  if  that  is  used  for  its  transmission. 
Biological  and  clinical  studies  have  determined  beyond  doubt  the  rela- 
tionship of  marshy  districts  to  such  diseases  as  malaria  and  yellow 
fever.  It  is  now  well  known  that  the  danger  from  swamps  is  due  to 
the  facilities  which  they  afford  mosquitoes  for  breeding,  since  the 
vims  of  these  two  diseases,  and  probably  also  of  filariasis,  is  trans^ 
mitted  by  mosquitoes.  In  passing,  it  may  be  stated  that  two  methods 
of  protecting  the  public  health  should  be  combined — namely,  the 
extermination  of  mosquitoes  of  certain  or  all  varieties  and  the  pro- 
tection of  the  sick  from  mosquito  bites. 

Sanitarians  are  justly  concerned  with  a  certain  group  of  water- 
borne  diseases,  of  which  typhoid  fever,  cholera,  and  possibly  certain 
diarrheal  diseases  are  types.     The  infecting  bacteria  in  these  dis- 
eases may  live  for  some  hours  or  days  in  water.     Certain  of  these 
diseases ,  particularly ty  phoid  fever,  are  so  prevalent  in  this  country 
that  in  almost  every  community  there  are  some  infected  persons 
whose  dejecta  carry  pathogenic  germs.     Since  there  is  so  much  differ- 
ence in  the  relative  resistance  of  individuals  to  infective  organisms, 
it  frequently  happens  that  patients  who  are  suffering  from  the  disease 
are  not  aware  of  it,  nor  are  their  friends.     Furthermore,  the  long 
persistence  of  the  infecting  micro-organisms  of  typhoid  fever  in  the 
body  of  the  patient,  particularly  in  the  urine,  makes  the  infection  of 
sewage  ver}^  easy,  and  since  the  same  care  is  not  exercised  in  the  dis- 
posal of  the  urine  as  of  the  feces,  water  supplies  and  milk  or  food- 
stuffs may  easily  be  infected  either  directly  or  from  the  hands.     Water 
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ito  which  sewage  is  discharged  becomes,  therefore,  a  vehicle  for 
'ansmitting  diseases  from  one  place  to  another,  and  the  germs  of 
ifection  are  therefore  called  water  borne. 

TYPHOID    FEVER. 
CAUSE   AND    PREVALENCE. 

Of  the  diseases  which  are  transmissible  by  water,  typhoid  fever 
lerits  special  attention  in  Minnesota  and  in  other  newer  communi- 
ies.  In  Massachusetts,  where  the  conservation  of  water  supplies  and 
he  proper  disposal  of  sewage  have  received  attention  for  many  years, 
ailk-bome  epidemics  are  more  to  be  considered  than  in  Minnesota, 
iven  milk-bome  epidemics,  though  they  are  perhaps  most  usuallj^ 
lue  to  the  fact  that  a  typhoid  patient  or  an  attendant  upon  a  typhoid 
»tient  is  engaged  in  handling  milk,  may  be  spread  by  means  of  water 
rhen  the  infecting  organism  gains  entrance  to  a  water  k  ipply  which 
s  used  for  cleansing  utensils  or,  in  very  rare  instances,  ^here  the  out- 
iide  of  the  udder  and  teats  of  the  cow  are  contaminated  by  sewage 
sontaining  typhoid  bacilli.  There  can  now  be  no  reasonable  doubt 
that  B.  typhosus,  the  specific  organism  of  typhoid  fever,  can  exist  for 
I  considerable  period  of  time  in  water.  The  studies  of  Jordan,  Rus- 
sell, and  Zeit  would  seem  to  show  that  the  organism  dies  in  ordinary 
mnning  water  in  three  to  eight  days,  but  the  difficulty  of  exactly 
reproducing  natural  conditions  in  the  laboratory  permits  only  very 
guarded  conclusions  from  such  experiments. 

The  relationship  of  typhoid-polluted  sewage  to  outbreaks  of  the 
tiisease  has  been  clearly  demonstrated  in  this  country  at  Plymouth 
and  Butler,  Pa.,  Ithaca,  N.  Y.,  and  many  other  places.  In  Minnesota, 
as  m  other  new  regions  which  are  being  settled  rapidly,  typhoid  fever 
is  more  or  less  prevalent  and  is  one  of  the  chief  causes  of  death  in  the 
State.  New  communities  are  usually  established  with  more  regard 
to  financial  advantages  than  to  sanitary  conditions.  The  careful  dis- 
posal of  excreta  and  the  selection  and  protection  of  safe  water  supplies 
and  other  hygienic  improvements  are  neglected  until  their  necessity 
is  shown  by  costly  epidemics.  Even  then,  unless  action  is  taken 
during  the  progress  of  an  epidemic  the  matter  is  likely  to  be  neglected, 
since  the  general  interest  in  projects  affecting  the  public  welfare  is 

likely  to  wane  unless  private  stimulation  be  applied. 
The  principal  settlements  in  Minnesota  are  on  the  shores  of  lakes 

or  on  the  banks  of  running  streams,  to  which  the  towns  have  recourse 

'>othfor  their  domestic  supply  and  for  the  disposal  of  their  sewage. 
Since  1887,  when  the  care  of  vital  statistics  was  transferred  to  the 

State  board  of  health,  the  statistics  of  deaths  from  typhoid  fever  have 

Wn  carefully  compiled.     Undoubtedly  a  considerable  percentage  of 
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the  typhoid  mortality  has  not  been  recorded  on  account  of  neglect  U 
report  from  all  parts  of  the  State  and  also  on  account  of  diversity  o 
diagnosis.  Whether  the  death  rate  from  typhoid  fever  in  MinnesoU 
is  lower  than  that  in  Massachusetts,  New  York,  and  other  States  caa 
not  be  definitely  affirmed,  but  it  wojfld  appear  that  the  disease  is  vert 
much  less  virulent  in  Minnesota  and  the  Dakotas.  From  observa- 
tions made  by  competent  clinical  men  during  severe  local  epidemica 
it  appears  that  the  death  rate  as  compared  with  the  case  rate  is 
between  2  and  4  per  cent.  This  low  rate  may  be  due  to  the  dif^osk 
of  cases  as  typhoid  fever  in  Minnesota  which  would  not  be  so  clasa- 
fied  in  other  communities.  The  Widal  blood  test  is  very  extensively 
used  throughout  the  State  by  private  practitioners  and  by  hospitals, 
and  this  test  is  made  gratuitously  by  the  State  board  of  health  and  by 
the  local  boards  of  health  of  Minneapolis  and  St.  Paul.  This  con- 
firmatory examination  probably  results  in  the  return  of  cases  as 
typhoid  fever  which  ordinarily  would  not  be  so  classified. 
The  records  of  deaths  received  since  1888  are  as  follows: 

Table  13. — Deaths  from  lyplund/ever  in  Minnesota  per  100^000  population.<^ 


Year. 

Entire 
State. 

atles  ex- 
ceeding 
5,000. 

SUte,ex- 

cludlDg 

cities 

over 

5,ooa 

1888 

53.63 

45.7 

30.8 

39.23 

28.6 

38.5 

35.2 

35.9 

27.8 

25.7 

22.6 

18 

32.6 

26.0 

21.21 

19.9 

18.68 

14.6 

114 
76 

52.2 
64.8 
47.5 
63.0 
57 
57.3 
51.6 
50 
37.2 
30.4 
43.0 
41.8 
29.73 
32.7 
33,2 
22.0 

30 

1889 

32 

1890 

25 

1891 

28 

1892 

21 

1893 

'T 

1894 

26 

1895 

97 

1896 

1897 

15,5 

1898 

16 

1899 

l**  5i 

1900 

28.0 

1901 

19  3 

1902 

15. 9S 

1903 .           . 

14.2 

1904 

13.4 

1905 

11  2 

a  From  the  oflficiai  records  of  the  secretary  of  the  State  board  of  health.  The  population  of  the  cities 
considered  above  is  estimated  by  adding  the  average  annual  Increase  as  shown  by  the  United  Stat«f 
and  the  State  censuses  to  each  preceding  year. 

The  village  and  rural  death  rate  from  typhoid  fever,  shown  by  the 
fourth  column,  is  much  lower  than  the  urban  rate,  but  comparison  of 
the  second  and  fourth  columns  indicates  that  typhoid  fever  is  ex- 
tremely prevalent  in  rural  districts.  Allowance  should  be  made  for 
the  fact  that  since  the  better  hospitals  are  located  in  the  large  cen- 
ters many  serious  cases  of  all  forms  of  illness  are  taken  to  them  from 
outlying  districts,  a  factor  which  would  disproportionately  increase 
the  total  death  rate  for  the  cities.  This  is  particularly  true  of  Duluth, 
to  which  the  settlements  of  the  iron-bearing  districts  are  tributary. 
Typhoid  fever  has  been  prevalent  in  these  mining  communities  for  a 
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number  of  years,  and  since  many  cases  are  brought  to  Duluth  the  sta- 
tistics of  deaths  from  the  disease  in  that  city  are  thus  greatly  increased. 
In  the  smaller  communities  a  difference  of  one  or  two  deaths  makes 
an  enormous  difference  in  the  rate  per  hundred  thousand. 

These  records  show  that  there  are  from  300  to  800  deaths  from 
typhoid  fever  in  Minnesota  every  year.  Assuming  a  ratio  of  1  to  25** 
between  the  number  of  deaths  and  the  number  of  cases,  it  would 
appear  that  approximately  from  7,500  to  20,000  people  are  stricken 
annually  with  this  disease,  which  can  be  and  should  be  prevented. 
The  official  records  show  that  from  1891  to  1900,  inclusive,  4,532 
persons  died  of  typhoid  fever  in  Minnesota. 

In  May,  1905,  reports  were  made  by  the  health  officers  of  166  settle- 
ments in  the  State  in  reply  to  the  following  questions: 

1.  During  1904  how  many  cases  of  typhoid  fever  occurred  in  your 
city? 

2.  How  many  cases  of  the  disease  in  the  city  were  personally  seen 
by  you? 

3.  How  many  other  cases  in  the  city  were  reported  to  you? 

4.  How  many  cases  in  the  city  were  probably  not  reported  to  you? 

According  to  these  records  and  the  official  reports  of  Duluth,  Min- 
neapolis, and  St.  Paul,  there  were  in  Minnesota  1,062  cases  of  typhoid 
fever  during  the  year  1904,  but  from  other  means  of  checking  and  by 
mathematical  reckoning  it  seems  probable  that  there  were  from  five 
to  ten  times  as  many  cases  as  were  reported.  As  bearing  upon  this, 
it  may  be  stated  that  in  three  months  two  towns  situated  on  Red 
River — namely,  Breckenridge,  Minn.,  and  Wahpeton,  N.  Dak.,  with  a 
total  population  of  4,090 — developed  200  cases  of  typhoid  fever. 

The  highest  mortality  from  typhoid  fever  occurs  during  October 
and  the  lowest  during  April,  May,  and  June.  During  the  summer 
months  the  death  rate  from  this  disease  rises  rapidly  to  its  maximum 
in  October  and  falls  as  rapidly.  The  average  typhoid-fever  death 
rate  per  hundred  thousand  for  the  entire  State  is  29.43,  a  little  lower 
than  the  rate  for  the  registration  area  (33.8),  according  to  the  Twelfth 
United  States  Census. 

EPmEMICS. 

Hardly  a  conununity  in  Minnesota  has  escaped  one  or  more  epi- 
demics of  typhoid  fever.  Duluth  suffered  from  a  series  of  outbreaks 
which  culminated  in  1896.  Investigation  showed  that  the  intake  of 
the  waterworks  system,  which  was  supposed  to  extend  a  considerable 
dstance  into  Lake  Sui>erior,  was  defective,  and  that  the  water  supply 
was  being  contaminated  with  more  or  less  dilute  sewage  at  a  point 
within  300  feet  of  the  outlet  of  one  of  the  principal  sewers.  Repair 
of  this  defect  and  extension  of  the  intake  to  Lakewood,  8  miles  nearer 

*Ia  M^amtlmmtta  and  older  oommtinities  the  death  rate  is  about  10  per  cent;  that  is,  from  two  and 
ooe-haU  to  (our  times  as  great  as  in  Minnesota, 
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the  main  lake,  has  practically  wiped  out  the  disease,  for  the  cases  that 
have  occurred  since  then  are  imported  or  are  due  to  the  use  of  infected 
well  water  or  to  the  result  of  contact. with  imported  or  such  local 
cases.     The  water  supply  at  present  seems  to  be  satisfacto^. 

The  largest  epidemic  of  typhoid  fever  in  Minneapolis  occurred  in 
1881  and  1882,  during  which  time  there  were  350  deaths.  There  was 
another  serious  outbreak  in  1897,  when  there  were  1,534  cases  and 
148  deaths.  The  disease  has  always  been  prevalent  in  the  city, 
where  several  other  well-marked  epidemics  have  occurred,  which 
have  been  attributed  to  the  use  of  unfiltered  river  water. <»  Minne- 
apolis has.  the  unenviable  distinction  of  having  recorded  nearly  50 
per  cent  of  the  total  deaths  from  typhoid  fever  in  Minnesota  during 
the  past  decade,'^  although  its  population  is  only  a  little  over  one- 
tenth  of  that  of  the  State. 

In  1898,  while  the  United  States  Volunteers  were  encamped  at  the 
State  Fair  Grounds  (Camp  Ramsey)  and  at  Fort  Snelling,  40*^  cases 
of  typhoid  fever  were  reported  for  the  Fifteenth  Regiment  Minnesota 
U.  S.  Volunteers,  346  of  which  occurred  before  its  departure  for  Camp 
Meade,  Pennsylvania.*^  A  detailed  account  of  the  fever  in  this  regi- 
ment is  given  in  the  special  report  of  the  Surgeon-General  of  the 
U.  S.  Army  on  typhoid  fever  among  the  volimteer  regiments  during 
the  Spanish  war  of  1898. 

As  stated  above,  settlements  in  the  mining  districts  of  St.  Louis 
County  have  been  subject  to  typhoid  fever,  and  notable  epidemics 
have  occurred  at  Eveleth,  Ilibbing,  and  Virginia,  all  of  them  probably 
due  to  impure  water  supplies. 

IMPUOVED  CARE,  CONTROL,  AND  REPORT  OF' TYPHOID  FEVER. 

Section  2131  of  the  Revised  Laws  of  Minnesota,  1905,  authorizes 
the  State  board  of  health  of  Minnesota  to  adopt,  alter,  and  enforce 
reasonable  regulations,  which,  after  the  approval  of  the  attorney- 
general  and  due  publication  thereof,  have  the  force  of  law,  except  in 
so  far  as  they  may  conflict  with  a  statute  or  with  the  charter  or  ordi- 
nances of  a  city  of  the  first-class  upon  the  same  subject.  Li  accord- 
ance with  the  authority  thus  delegated  and  upon  realizing  that  Min- 
nesota was  suffering  from  a  disease  which  is  strictly  preventable,  the 
State  board  of  health  passed  certain  rules  on  the  14th  day  of  July, 
190(3.  Rules  45  to  54  deal  with  typhoid  fever  and  may  be  quoted  Oi> 
follows : 

Rile  45.  Every  ])hysician  engagcnl  in  the  practice  of  medicine  in  the  State  o! 
Minnesota  shall  submit  to  the  secretary'  of  the  State  l)oard  of  health  the  full  name, 
si)ecifie  residence,  and  hygienic  data,  on  blanks  furnishe<l  by  said  board  for  that  pur- 

fl  Rcpt .  .spjTial  coinniissioii  appoiiiUNl  by  the  city  council  to  investigate  the  Minneapolis  water  supply. 
VMM:  also  CorlM'tt,  Dr.  J.  F.,  Typhoid  and  wat^T  supply:  Ann.  Kept.  Dept.  Health,  city  of  Minneapolis, 
lor  nm,  pp.  27-2S. 

t  I*ul)lic  II<!alth  Koports.  Fuhlic  Health  and  Marine  Hospital  Scr\icc,  Treasury  Dept. 

c  Rcpt.  Minn.  State  Board  of  Health,  1805-1898,  p.  472.       ' 
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poee,  of  every  pereon  under  his  treatment  for  typhoid  fever  or  suspected  typhoid 
fever,  within  one  week  after  the  application  of  such  patient  for  treatment. 

Physicianfi  in  cities  and  villages  where  they  are  required  by  ordinance  or  sanitary 
regulation  to  report  typhoid  fever  cases  to  the  local  board  of  health  will  not  be  required 
to  report  such  cases  directly  to  the  State  board  of  health,  provided  the  local  health 
oflScer  makes  returns  of  all  cases  reported  to  him  to  the  State  board  of  health  once  a 
month  on  blanks  furnished  for  that  purpose  by  said  board. 

Rule  46.  The  secretarj'  of  the  Minnesota  State  board  of  health  shall  keep  a  careful 
and  accurate  record  of  all  reported  cases  of  typhoid  fever.  The  Mime  shall  not  be  for 
publication,  but  may  be  used  by  said  board  in  the  discharge  of  its  duties. 

Rule  47.  Immediately  after  being  notified  of  any  case  of  typhoid  fever  the  secretary 
of  the  Minnesota  State  board  of  health,  or  the  local  health  officer,  shall  send  to  the 
address  of  the  attending  physician  the  printed  matter  published  by  the  State  board  of 
health  relative  to  the  control  of  typhoid  fever.  Such  physician  shall  thereupon 
deUver  the  same  to  those  in  charge  of  the  patient. 

Rule  48.  No  person  affected  with  typhoid  fever,  or  in  charge  of  a  typhoid  fever 
patient,  shall  so  dispose  of  the  excreta  or  other  infectious  bodily  secretion  or  excretion 
as  to  cause  offense  or  danger  to  any  other  person  or  persons. 

Rule  49.  Any  health  officer  receiving  a  complaint  that  the  fore^ing  rule  is  being 
violated  shall  investigate  the  same,  and  if  it  appears  that  the  violation  complained  of 
h  such  as  to  cause  offense  or  danger  to  any  person  he  shall  serve  notice  upon  the 
offending  party,  reciting  the  alleged  cause  of  offense  or  danger  and  requiring  that  the 
bodily  secretions  or  excretions  complained  of  be  disposed  of  in  such  a  manner  as  to 
remove  all  reasonable  cause  of  offense  or  danger. 

Rule  50.  It  shall  be  the  duty  of  those  having  charge  of  a  typhoid  fever  patient  or 
patients  to  see  to  it  that  the  excreta,  or  other  infectious  bodily  secretions  or  excretions, 
from  such  patients  are  properly  disinfected. 

Rule  51.  The  apartments  occupied  by  any  typhoid  fever  patient  shall  be  deemed 
infected,  and  when  vacated  by  death  or  removal  of  the  patiei\t  shall,  together  with 
their  contents,  be  thoroughly  disinfected  imder  the  supervision  of  the  local  health 
officer.  All  disinfection  prescribed  in  this  rule  shall  be  a  part  of  the  control  of  the 
disease. 

Rule  52.  It  shall  be  the  duty  of  any  person  having  knowledge  of  the  facts  to  notify 
the  local  health  officer  within  twenty-four  hours  after  the  death  or  removal  of  a  person 
affected  with  typhoid  fever  from  any  apartments. 

Rule  53.  Whenever  typhoid  fever  prevails  in  a  locality  the  local  board  of  health 
shall  immediately  appoint  a  competent  inspector  or  inspectors  to  patrol  the  city,  vil- 
lage, or  district  involved.  Such  inspector  or  inspectors  shall  report  to  the  local  board 
of  health  all  water-closets,  privies,  vaults,  and  cesspools  which  are  not  fly  proof,  with 
screened  doors  and  windows;  and  all  vaults  and  cesspools  which  are  not  water-tight, 
dark,  and  fly  pnx>f.  The  local  board  of  health  shall  thereupon  enter  its  proper  order 
in  the  premises  to  the  end  that  all  such  water-closets  and  privies  shall  be  made  fly 
proof,  and  all  such  vaults  and  cesspools  water-tight,  dark,  and  fly  proof. 

Rule  54.  Any  drinking-water  supply  shown  to  be  a  positive  or  probable  source  of 
disease  shall  l>e  condemned  either  by  the  local  board  of  health  or  by  the  Minnesota 
State  board  of  health,  and  when  so  condemned,  shall  not  be  used  again  as  a  drinking- 
water  supply  until  declared  safe  by  the  condemning  party. 

A  blank  to  be  used  by  physicians  and  health  officers  for  reporting 
cases  of  typhoid  fever  has  been  prepared  in  the  form  of  a  card,  the 
two  sides  of  which  are  here  reproduced^' 
nut  193—07 3 
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Name  in  full .  , 

(Be  specific  in  answering  the  following  three  questions,  giving  name  of  street,  house  number,  orodMri 
definite  statement,  such  as  name  of  farm,  camp,  mine,  etc.,  in  order  that  the  patient  may  be  definitcdrl 
located.) 

Age .     Sex .    Occupation . 

Residence  when  taken  ill . 


Place  where  employed  when  taken  ill  — . 

Present  address . 

First  taken  sick  with  typhoid  fever:  Year .    Month .     Day . 

First  seen  by  a  physician:  Year .    Month .     Day . 

Name  and  address  of  first  attending  physician . 

Total  number  of  people  living  in  house  when  patient  was  taken  ill . 

[Reverse  side.] 

Where  was  patient  living  during  the  three  weeks  before  illness  began? . 

(Name  all  places,  with  date  of  residence  at  each  place.) 
Are  any  intimate  associates  of  patient  sick  with  typhoid  fever? . 

(Father,  mother,  child,  brother,  sister,  husband,  wife,  fellow  boarder,  etc.) 

If  so,  give  present  address  of  such  associates . 

Source  of  milk  used  by  patient . 

(Name  and  address  of  milkmen.) 
Source  of  drinking  water  used  by  patient  before  illness  began . 

(Name  and  location  of  well,  stream,  lake,  or  other  water  source.) 
Present  status  of  case:  (Still  sick;  recovered;  convalescing;  dead).     ' 

Physician's  view  of  source  of  infection . 

Filled  out  by  Dr. of ,  Minn. 

Date  of  report ,  190 — . 

One  of  the  chief  diflBculties  m  the  control  and  arrest  of  typhoid 
fever  is  the  failure  on  the  part  of  local  authorities  to  realize  that  it  is 
preventable  and  to  make  a  careful  canvass  of  the  localities  for  the 
purpose  of  obtaining  accurate  data,  such  as  that  required  in  the 
above  blank. 

The  State  board  of  health  is  frequently  asked  to  make  examina- 
tions of  water  as  a  basis  for  action  or  recommendation  in  a  given 
locality  when  no  data  are  available  to  show  which,  if  any,  water  is 
the  cause  of  disease.  It  is  hoped  that  the  habit  of  securing  full  and 
accurate  data  will  result  in  the  education  of  the  people  of  the  State  at 
large  concerning  the  various  vehicles  of  infection  in  typhoid  fever 
and  the  means  of  arresting  it. 

A  notice  similar  to  the  following  should  prevent  the  spread  of 
typhoid  fever  pending  the  determination  of  the  exact  cause  of  the 
disease.  The  wording  of  this  notice  was  suggested  by  Dr.  II.  W. 
Hill,  assistant  director  of  the  laboratories  of  the  Minnesota  State 
board  of  health,  and  has  been  found  very  eflBcient. 
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TO  THE  OinZEHB  OF 


Typhoid  fever  is  epidemic  in .    The  Minnesota  State  board  of  health  is  inves- 

tigiting  this  epidemic  to  find  its  exact  source.     Meantime  govern  yourselves  as  fol- 
lows: 

1.  Typhoid  fever  is  contracted  solely  throwgh  the  mouth.  If  you  do  not  put  the 
poieon  of  typhoid  fever  into  your  mouth  you  will  never  contract  typhoid  fever. 
Therefore,  watth  the  mouth,  ♦ 

2.  Do  not  eat  or  drink  anything  (water,  milk,  oysters,  fresh  vegetables,  or  any- 
thing else)  unless  it  has  first  been  boiled,  broiled,  baked,  roasted,  fried,  or  otherwise 
thoroughly  heated  through  and  through. 

3.  Do  without  all  food  or  drink  which  has  not  first  been  thus  heated.  Canned  or 
bottled  foods  or  drinks  (other  than  milk  or  water)  are  not  included  in  this. 

4.  If  living  in  the  same  house  with  a  typhoid  patient,  do  not  handle  your  own  food 
or  food  intended  for  anyone  else,  even  if  it  has  been  heated,  except  with  hands  that 
have  been  thoroughly  washed  with  soap  and  very  hot  water;  preferably  also  with 
antiseptics.  (Ask  your  physician  about  the  antiseptic  to  use.)  Wash  before  every 
meal  in  this  way  and  before  cooking,  serving,  or  eating  anything  or  putting  the  fingers 
in  the  mouth. 

5.  If  there  are  flies,  roaches,  or  other  insects  or  vermin  about,  see  that  all  food  and 
drink  is  protected  from  them  at  all  times.  Flies  and  other  insects  often  carry  typhoid 
poison  to  foods  and  drinks. 

6.  The  poison  of  typhoid  fever  does  not  show  itself  for  two  u^eeks  after  it  enters  the 
body.  Therefore  for  the  next  two  weeks  typhoid  cases  may  develop  from  typhoid 
poison  already  taken  in;  but  any  case  which  develops  on  and  after  (a  date  two  weeks 
later  than  the  date  of  the  plaeard)  will  be  due  solely  to  neglect  of  this  notice  and  failure 
to  carry  out  minutely  the  directions  here  given. 

OTHER  WATER-BORNE   DISEASES. 

There  is  no  evidence  that  there  are  any  other  important  water-borne 
diseases  in  Minnesota.  It  is  possible  that  hog  cholera  among  animals 
should  be  considered  in  the  category. 

STREAM  POIiLiUTION. 

SEWAGE. 

Fifty-seven  settlements  in  the  State  are  more  or  less  completely 
equipped  with  sanitary  sewerage  systeais.  Most  of  the  cities  in  the 
State  are  situated  on  flowing  streams,  which  are  thus  convenient  recep- 
tacles for  citj'  sewage.  In  1885,  recognizing  the  fact  that  this  would 
result  in  dangerous  pollution,  the  State  legislature  passed  a  law 
entitled  *'An  act  to  prevent  the  pollution  of  rivers  and  sources  of 
water  supply,""  which  prohibits  the  discharge  of  sewage,  drainage, 
refuse,  or  other  polluting  matter  dangerous  to  health  into  any  surface 
waters  used  as  a  source  of  municipal  supply.  The  act  also  gives  the 
State  board  of  health  supervision  over  all  municipal  water  supplies 
and  the  power  to  institute  legal  proceedings  against  violators  of  the 
statute.     Notwithstanding  the  provisions  of  this  law,  sewage-purifica- 

•  Chapter  225,  sees.  1-7,  laws  of  1885,  approved  March  7, 1885. 
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tion  plants  have  not  been  generally  established  in  the  State,  so  ih 
stream  pollution  has  not  been  materially  checked.  At  the  State  1 
pital  for  the  insane  at  Rochester  a  system  of  precipitation  and  filti 
tion  was  put  into  operation  in  1890.  Improvements  are  conten 
plated.  In  1904  a  purification  system  consisting  of  a  septic 
combined  with  contact  and  intermittent  sand  filters  was  installed  i 
the  State  insane  asylum  at  Anoka.  A  few  villages  have  made  i 
cessful  attempts  to  comply  with  the  requirements  of  the  statute  I 
establishing  sewage-purification  plants.  The  large  cities,  howeva 
without  exception,  discharge  raw  sewage  into  adjacent  bodies 
water. 

INDUSTRIAL  WASTES. 

Dangerous  effluents  from  manufacturing  establishments  are 
yet  of  serious  importance  in  Minnesota.  In  the  spring  of  1905  inquirrl 
was  made  to  ascertain  to  what  extent  manufacturing  wastes  causel 
stream  pollution.  From  replies  received  from  174  municipalities  the| 
following  list  has  been  prepared: 

Table  14.-  -InduMrial  establishments  cauMng  stream  pollution. 


Industry. 


Estab-    I 
lish-  Industry, 

ments. 


Breweries 73  I,  Slaughterhouses. 

Creameries i  138  P  Soap  works 

Dyehouses 13   I  Starch  factories . . 

Gasworks !  14  l|  Sugar  faetory 

Paper  mills ,...i  C,    Tanneries 

Rendering  works i  19  'I  Woolen  mills 

Sawmills i  98  i 


Estab- 
liab- 


From  this  table  it  appears  that  there  are  in  the  State  few  factories 
that  emit  deleterious  wastes.  With  the  exception  of  the  sawmills  the 
establishments  noted  are  generally  small.  Though  probably  some 
establishments  were  not  reported  because  they  are  located  outside  o( 
organized  villages  or  cities,  yet  the  list  represents  with  fair  ac<;uracy 
the  possible  foci  of  pollution  from  industrial  wastes.  The  kinds  of 
plants  whose  wastes  cause  so  much  trouble  in  other  sections  of  the 
country  are  either  small  or  are  entirely  al)sent.  No  bleacheries,  cot- 
ton mills,  distilleries,  galvanizing  works,  nitroglycerin  factories,  petro- 
leum refineries,  straw-board  mills,  or  tin-])late  works  w-ere  reported 
from  any  part  of  the  State.  The  effluents  trom  the  majority  are 
not  (lischarged  directly  into  streams,  but  are  either  consumed  or 
decomposed  on  the  groimd.  In  comparison  w  ith  large  manufactur- 
ing centers  in  the  East,  stream  [)()llution  by  inikistrial  wastes  is  an 
insignificant  factor  in  Minnesota. 

The  trouble  from  sawnnills  is  caused  by  three  different  classes  of 
waste:  First,  by  organic  matter  dissolved  in  the  water  from  the  logs 
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which  lie  in  the  lakes  and  streams  from  the  time  they  are  run  till 
they  are  sawed;  second,  by  excreta  from  the  lumbermen  themselves, 
who  are  constantly  in  the  water  for  the  purpose  of  sorting  and  guiding 
the  logs;  third,  by  sawdust  and  other  minute  waste.  The  latter  cause 
of  trouble  is  the  most  evident  one,  and  has  the  effect  of  forming  nuclei 
for  the  growth  of  organisms  and  of  obstructing  the  free,  flow  of  the 
water.  In  reports  of  the  U.  S.  Engineering  Corps  it  is  stated  that 
many  of  the  bars  in  Mississippi  River  above  Lake  Pepin  are  composed 
largely  of  sawdust  and  that  the  material  has  been  found  by  dredging 
as  far  south  as  Winona.**  It  is  evident  that  the  distribution  of  this 
material  over  the  beds  of  streams  is  anything  but  favorable  to  the 
hydrolysis  of  other  more  dangerous  pollutions,  and  in  view  of  the 
fact  that  it  has  a  certain  conunercial  value,  this  disposal  of  it  seems 
not  only  unsanitary,  but  wasteful. 

MISSISSIPPI  RIVER  BASIN  ABOTE  MIN]SrE80TA  RITTSR. 

GENERAL  DESCRIPTION. 
BOUNDARIES. 

Mississippi  River  basin  above  Minnesota  River  is  bounded  on  the 
east  by  St.  Louis  and  St.  Croix  drainage  areas;  on  the  north  by 
Rainy  River  basin;  on  the  west  by  the  basin  of  Red  River;  on  the 
south  by  Minnesota  River  drainage  area.     (See  PI.  II.) 

SOURCE,  COURSE,  AND  SLOPE   OF    THE    RIVER. 

The  determination  of  the  primal  source  of  Mississippi  River  has  been 
the  cause  of  much  controversy  among  explorers  and  geographers,  by 
whom  one  or  another  of  various  small  lakes  has  been  considered  the 
body  of  water  in  the  Mississippi  system  that  lies  most  remote  from  the 
Gulf  of  Mexico  and  stands  at  the  highest  elevation  above  it.  For  the 
purposes  of  the  present  report  it  is  suflBcient  to  state  that  the  head- 
watersof  the  Mississippi  lie  within  Itasca  State  Park,  a  tract  of  reserved 
land  in  Clearwater  County,  a  detailed  survey  of  which  was  made  by 
the  Mississippi  River  Commission.*  Lake  Itasca,  which  is  the  largest 
body  of  water  within  this  park  and  which  may  be  regarded  as  the 
source  of  the  river,  is  in  its  north-central  portion.  The  lake  is  long 
and  narrow  and  is  divided  at  its  upper  or  southern  end  into  an  east 
and  a  west  fork,  each  of  which  is  connected  by  small  creeks  with  other 
bodies  of  water.  It  is  about  7  miles  long  and  one-half  mile  wide  and 
has  an  average  depth  of  20  feet.  Its  shores  are  generally  swampy; 
indeed,  a  great  part  of  the  Itasca  reservation  is  wooded  swamp  land, 
in  some  pares  of  which  it  is  difficult  to  determine  the  direction  of  the 
water  flow. 


'Ann.  R<pt.  Chief  of  Engineere,  U.  8.  Army,  for  1S82,  p.  1750;  also  for  1881,  p.  1679. 

^)UpolL*ke  It&Aca  Basin,  Minnesota,  within  Itasca  State  Parle,  Mississippi  River  Commission,  1900. 
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The  river  is  10  to  20  feet  wide  where  it  issues  from  Lake  Itasca^  i 
the  northern  boundary  of  the  park,  whence  it  meanders  through  i 
narrow,  marshy  valley  northeastward  to  Lake  Lrvine,  1  mile  ab 
which  it  is  joined  by  Schoolcraft  River,  a  small  stream  draining  Lak 
George  and  Plantagenet.    Lake  Irvine,  which  is  nearly  circular  in  ou 
line,  has  an  average  diameter  of  1  mile  and  a  general  depth  of  20  fo 
After  leaving  Lake  Irvine  the  river  traverses  a  narrow  neck  of  lai 
to  Lake  Bemidji,  which  is  approximately  5  J  miles  long  and  2i  mil 
wide  at  its  widest  part.     There  is  a  perceptible  current  across  tl 
lake  in  a  channel  having  a  depth  of  50  feet.     The  river  is  60  feet  wi 
and  1  to  3  feet  deep  at  the  lake  outlet,  and  falls  over  intermitta 
rapids  by  a  tortuous  course  to  Cass  Lake,  a  body  of  water  that  mei 
ures  9  miles  from  the  point  of  entrance  of  the  river  to  its  place  of  el 
at  the  northeast  comer.     A  marshy  tract,  which  at  ordinary  stag 
has  no  definite  current  through  it,  connects  this  lake  at  its  southa 
extremity  with  Pike  Bay,  an  oval  lake  having  a  circumference  of  1 
miles.     From  Cass  Lake  the  river  flows  in  a  tortuous  course  about  ^ 
miles  eastward  to  Lake  Winnibigoshish,  a  rectangular  body  of  watii 
about  6  miles  wide  and  12  miles  long.     A  dam  is  maintained  at  UmI 
outlet  of  this  lake.     From  the  northeast  comer  of  Lake  Winnibigo-l 
shish  the  river  flows  generally  southeastward  as  a  sluggish,  meander- 1 
ing  stream,  through  bogs  and  marshes,  to  Pokegama  Falls,- where  a^ 
concrete  dam  has  been  constructed.     Four  miles  below  this  point,  at  ^ 
Grand  Rapids,  there  is  another  fall. 

Between  Lake  Winnibigoshish  and  Pokegama  Falls,  Vermilion 
River  and  Leech  Lake  River  enter  the  Mississippi  from  the  south. 
Leech  Lake  River  is  the  outlet  of  Leech  Lake,  a  large,  irregular-shaped 
body  lying  south  of  Cass  Lake  in  Cass  County. 

From  Grand  Rapids  to  Aitkin,  a  distance  of  130  miles,  the  Missis- 
sippi is  na\dgable  for  light-draft  steamers,  which  make  regular  trips 
during  the  open  season.  Swan,  Sandy  Lake,  and  Mud  rivers  enter 
the  Mississippi  from  the  east  above  Aitkin.  Between  Aitkin  and 
Brainerd  there  are  several  falls,  the  principal  of  which  are  Big  Eddy, 
Island,  and  French  Rapids.  Pine  River  enters  from  the  west  between 
these  two  cities.  Ten  miles  below  Brainerd  Crow  Wing  River  enters 
from  the  west.  From  Brainerd  to  Little  Falls  the  stream  consists 
of  short  stretches  of  rapids  with  intervening  reaches  of  still  water. 
At  Ijittle  Falls  there  is  a  developed  head  of  12  feet.  The  bed  of  the 
river  from  Little  Falls  to  Minneapolis  is  steep  and  the  current  rapid 
as  compared  with  the  other  parts.  The  average  slope  in  this  stretch 
is  2.6  feet  per  mile.  (See  fig.  L)  The  descent  is,  however,  by  no 
means  even  or  regular.  From  Little  Falls  to  St.  Cloud  there  are  sev- 
eral series  of  rapids,  and  at  St.  Cloud  there  is  a  fall  of  14.5  feet.  Sauk 
River  enters  from  the  west  just  above  St.  Cloud.  Rapids  and  still- 
water  stretches  occur  alternately  between  St.  Cloud  and  Anoka,  where 
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Rum  River,  the  outlet  of  Millelacs,  enters.  Crow  River,  an  impor- 
tant stream  draining  much  of  the  southern  part  of  the  upper  Missis- 
sippi area,  enters  a  few  miles  above  Anoka.  Below  Anoka  the  descent 
of  the  Mississippi  is  rapid.  At  Minneapolis  the  river  falls  77  feet  in  4 
miles,  and  in  this  stretch  it  enters  the  deep,  wide  valley  of  its  lower 
course. 

From  Lake  Itasca  to  Minnesota  River,  a  distance  of  540  miles, 
Mississippi  River  has  a  total  fall  of  776  feet,  which  is  an  average 
elope  of  1.4 -feet  per  mile.     (See  fig.  1.) 


r^et 


Fig.  1.— Profile  of  Mississippi  River. 


STORAGE   RESERVOIRS. 

The  construction  of  dams  in  upper  Mississippi  Valley  for  the  pur- 
pose of  retaining  flood  waters  was  begun  by  the  War  Department 
in  1<SS0.  The  original  project*  was  to  construct  forty-one  reser- 
voirs in  Minnesota  and  Wisconsin  for  the  purpose  of  collecting  sur- 
plus wat^r  to  be  released  for  the  benefit  of  navigation  during  periods 
of  low  water.  Between  1880  and  1895  five  rock-filled  timber-crib 
(lams  with  earth  embankments  were  built.  In  1898  the  replacement 
of  these  wooden  dams  by  permanent  concrete  structures  was  com- 
menced. After  this  part  of  the  work  has  been  completed  probably 
no  further  reservoirs  will  be  undertaken.  Those  now  in  oi>eration 
are  as  follows: 

1.  Winnibigoshish  dam,  at  foot  of  Lake  Winnibigoshish. 

2.  Leech  Lake  dam,  at  foot  of  Leech  Lake. 

3.  Pokegama  dam,  at  Pokegama  Falls,  4  miles  above  Grand  Rapids. 

4.  Pine  River  dam,  at  foot  of  Cross  Lake. 

5.  Sandy  Lake  dam,  between  Sandy  Lake  and  Mississippi  River. 

o  Ann.  Rept.  Chief  of  Engineers,  U.  S.  Aimy,  for  1904,  pt.  1,  p.  422. 
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Table  15. — Storage  reservoirs  in  upper  Mississippi  Valley. a 


Reaervolr. 


Winnibigoshish. 

Leech  Lake 

Pokegama 

Pine  River 

Sandy  Lake 


Area  of 
watershed. 


8q.  miles. 

1,442.43 

1,162.80 

660.23 

562.07 

42L50 


Area  of  reservoir 

surface.  I 

uu.^.  ueight  of 

dam. 


High 
water. 


Low 
water. 


Sq.  miUs.^Sq.  miles. 

161.26 

117.00 

233.80 

173.19 

46.29 

24.13 

23.76 

18.30 

16.52 

aoo 

Feet. 


Re»er\olr 
capacity.^ 


Cubic  feet. 
45,000.000.000 
30,000.000.000 
4,700.000.000 
7,500.000.000 
3,158.000.000 


90,358,000.000 


a  Ann.  Rept.  Chief  of  Engineers  for  1884,  pt.  3.  p.  1704. 
f>  Ann.  Rept.  Chief  of  Engineers  for  1900,  p.  2798. 

The  total  storage  given  above  would  be  sufficient  to  supply  the 
river  with  11,000  second-feet  for  ninety  days,  though  it  is  of  course 
impossible  to  discharge  the  water  at  that  rate,  and  the  reservoirs 
are  not  filled  to  their  maximum  capacity.  Records  giving  the  dates 
for  releasing  the  water  and  its  effect  at  St.  Paul  *»  «how  that  a  release 
at  Pokegama  Falls  is  followed  by  a  rise  at  St,  Paul  in  seven  or  eight 
days,  and  that  the  full  effect  appears  in  twelve  days,  making  the 
mean  time  ten  days.  The  rise  is  about  1  foot  at  St.  Paul.  This 
would  indicate  that  it  takes  eight  days  for  water  to  travel  from 
Pokegama  Falls  to  St.  Paul,  a  distance  of  350  miles. 

TRIBUTARIES   OF   MISSISSIPPI    RIVER. 

The  drainage  areas  of  the  principal  tributaries  of  Mississippi  River 
above  Minnesota  River  are  given  in  the  following  table-: 

Table  16.—  Principal  tributaries  of  Mississippi  River  above  Minnesota  River.^ 

[Drainage  area  in  square  miles.] 

U^i^ch  J^ke 1,001 

Pint^ 788 

Crow  Wing 3, 562 

Sauk 981 

Cnm 2, 961 

Rum 1. 542 

GEOLOGY. 

The  greater  part  of  upper  Mississippi  Valley  is  underlain  by 
Archean  and  Algonkian  rocks,  a  few  scattered  outcrops  of  which 
appear  in  the  beds  of  streams.  Along  the  western  border  and  in 
the  northern  third  of  the  area  alkaline  formations  of  Cretaceous  age 
overlie  the  early  rocks.  Cambrian  and  Ordovician  limestones,  sand- 
stones, and  dolomites  occur  in  a  comparatively  small  section  of  the 
southern  part  of  the  area.     Drift  covers  the  entire  area  to  depths 


a  Ann.  Uepts.  Ciilof  of  Engineers  for  1895  and  1896. 

t  Ann.  Rept.  Chief  of  Kngineers,  V.  8.  Army,  for  1875,  pt.  2,  p.  437. 
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ranging  from  50  to  200  feet  and  furnishes  the  supply  of  water  for 
most  of  the  wells.  The  river  channels  above  Minneapolis  are  exca- 
vated in  (Inft.  Below  Minneapolis  the  Mississippi  runs  through  a 
deep,  wide  gorge  cut  in  sedimentary  rocks,  a  gorge  formed  above 
Fort  Snelling,  probably,  by  the  recession  of  St.  Anthony  Falls." 

SOIL   AND    SUBSOIL. 

The  upper  layers  of  the  drift  here  contain  less  soluble  mineral 
matter  than  is  contained  in  the  drift  of  the  prairie  regions.  This 
difference  may  be  due  both  to  difference  in  climate  and  to  differ- 
ence in  the  character  of  the  underlying  formations.  From  published 
analyses  in  bulletins  of  the  agricultural  experiment  station,  Univer- 
sity of  Minnesota,  averages  have  been  computed  for  samples  of  soil 
taken  from  points  in  all  parts  of  the  upper  Mississippi  area.  The 
average  composition  of  soils  taken  throughout  the  entire  State  is 
given  for  comparison. 

Table  17. —  Chemual  compojntion  of  soil  and  subsoil  %n  upper  Mississippi  basin. 


iMdubte  in  HCl 

VoUtifc  matter 

PotMoum  oxide  ( KjO) 

Sodium  oxide  (Na»0) 

Cftldam  oxide  (CaO) 

MapKsiiim  oxide  (MgO) 

Ondes  of  iron  and  aluminum  (FejOa+AljOa) . 

RMwphoric  anhydride  (P«Oi) 

Salpbartc  anhydride  (80«) 

Cwbonic  anhydride  (COj) 


Surface  soil. 


Upper 

Mississippi 

River 

basin. 


86.92 
6.88 
.23 
.29 
.08 
.40 
4.88 
.19 
.07 
.08 


Entire 
SUte.o 


79.92 

8.98 

.43 

.45 

1.29 

.61 

7.20 

.20 

.10 

.62 


BabsolL 


Upper 

Mississippi 

River 

basin. 


87.27 
3.33 
.24 
.25 
.92 
.38 
5.85 
.17  i 
.05 
.30 


Entire 
State.a 


82.41 

5.33 

.40 

.32 

1.78 

.81 

8.32 

.17 

.06 

.93 


*SDTder,  H.,  Characteristic  features  of  Minnesota  soils  and  conservation  of  fertility:  Bull.  Chem. 
Wt.,  Agric  Exp.  Sta.,  University  of  Minnesota,  No.  65,  Nov.,  1899,  p.  69. 

From  Table  17  it  is  seen  that  all  the  alkaline  and  alkaline-earth 
incrredienta  of  the  soils  of  the  upper  Mississippi  region  are  lower  than 
the  average  in  the  soils  throughout  the  State,  and  it  appears,  there- 
fore, that  the  ground  is  less  easily  disintegrated  and  carried  off  in 
solution  by  the  surface  drainage.  It  will  be  noted,  however,  that 
there  is  enough  calcium  and  magnesium  to  cause  the  hardness  always 
observed  in  the  water  of  Mississippi  River.  The  soils  in  general  con- 
tarn  sand,  and  the  particles  are  larger  than  those  in  Red  River  Valley 
or  in  the  southern  part  of  the  State.  They  are  of  much  the  same 
f  hemical  composition  as  those  in  the  valley  of  St.  Croix  River,  though 
they  usually  contain  more  alkaline-earth  compounds  and  more 
organic  or  volatile  matter. 


•WincheH,  N.  H.,  Geology  of  Hennepin iCounty,  Final  Kept.  Minnesota  Cicol.  and  Nat.  Hist.  Survey, 

^"1.2,  p.  315. 
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INDUSTRIAL  POLLUTION. 
KINDS   OF  POLLUTION. 

From  reports  received  in  June,  1905,  the  following  list  has  been 
compiled  to  show  the  number  of  establishments  likely  to  furnish 
deleterious  or  undesirable  wastes  to  streams  in  this  region. 

Table  18. — Industrial  establishments  causing  stream  pollutionin  upper  Mississippi  River 

basin. 

Breweries 18 

Dye  works 6 

Gas  works 1 

Paper  mills : 5 

Sawmills 36 

Starch  factories 4 

Sugar  factories 1 

Tanneries 3 

Woolen  mills 3 

LUMBERING. 

Lumbering  and  its  attendant  industries  are  the  sources  of  a  great 
amount  of  the  organic  matter  in  the  surface  waters  of  this  section. 
Almost  the  entire  area  was  formerly  covered  by  pine  forest.  At 
present  nearly  all  the  standing  timber  is  north  of  Brainerd,  compris- 
ing an  area  extending  eastward  from  the  headwaters  of  the  MiasissippL 
The  supply  of  lumber  is  rapidly  diminishing,  so  that  in  a  few  years 
this  enormous  industry  will  no  longer  be  first  in  rank.  Table  19 
shows  the  total  number  of  feet  of  logs  sawed  in  the  second  lumber 
district  of  Minnesota  from  1891  to  1904.  Though  the  figures  include 
a. small  amount  sawed  at  Red  Wing  and  at  Hastings  on  the  lower 
river,  they  practically  represent  the  sawmill  industry  of  the  region 
under  consideration. 

Table  19. — Lumber  sawed  in  second  district  of  Minnesota,  189l-190J^,o. 


Year. 

Feet  B.  M. 

1891. 

425,765,260 

1892 

505,407.898 

1893 

428,172.360 

1894 

450.862.756 

1895 

539,012,678 

1896 

385,312.226 

1897 

527,367,710 

Year. 


Feet  B.  M. 


1898 
1899 
1900 
1901 
1902 
1903 
1904 


678, 
604, 
690, 
576, 
500, 
657, 


179,610 
364, 4» 


147,940 
555,305 
965.050 
717,210 


The  total  cut  in  the  same  region  during  the  winter  of  1903-4  was 
674,981,820  feet  B.  M.;  during  the  winter  of  1904-6  it  was 
536,701,660  feet  B.  M.  The  amounts  sawed  at  certain  points  during 
the  calendar  years  1903  and  1904  are  shown  on  the  page  following. 
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Table  20. — Lumber  sawed  in  secojid  district  of  Minnesota,  190-^-4.0 


Feet  B.  M.  '  Number 

of  em- 


"■""  >««.  1904.         |,P'?^», 


Akriy 52.000.000        Sj  '^^i    OO               393 

Benndji 34.500,000        3ii   Vi^i    00  i             430 

Brainertl 29.000.000        2    ivKiilOO               467 

CASsUke 15,500.000        2ii    'ni  i|00               136 

Cotuwaet 1,200,000          i  -ii   100  ' 

na5ting8« 6.000.000 

UttteFalU 57,366.620 

Mikc« 29.627.500 

Minneapolis 328,434.500 

ParkRapida 12,100,000  ' 

RedWinga 6,-500.000 

SaakRapldJi 7,486,340 

Ten  Strike 

Turtte  River 3,250.000 

Mills  not  included  in  above 8.000.000 


I 

-'    100 

75 

6 

140 

361 

a 

100 

291 

29 

m 

2,887 

1: 

■■>   100 

101 

7  ; 

X     100 

100 

,.    «0 

62 

m 

-  ;oo 



■    m 

590,965,050       557,717,210  i. 


«  Letter  from  surveyor-general  of  logs  and  lumber,  second  district  of  Minnesota. 
^  Ann.  Rept.  Comm.  of  Labor  of  Minnesota,  1903-4. 
cOn  Mississippi  River  below  St.  Paul. 

The  preceding  statistics  show  the  magnitude  of  the  lumber  industry 
in  this  region.  As  noted  on  page  34,  the  three  probable  sources  of 
pollution  of  streams  by  this  industry  are  the  logs,  the  sawdust  or  other 
waste,  and  the  employees.  Although  the  mills  are  provided  with 
huge  stacks  in  which  great  quantities  of  the  waste  are  burned  for 
steaming,  much  sawdust  and  bark  reach  the  streams,  especially  during 
floods.  This  material  deposits  at  certain  places  so  as  to  obstruct  the 
flow  of  the  river;  later  it  decays  and  gives  the  water  a  vegetable  or  a 
moldy  odor. 

The  logs  are  kept  in  the  water  from  the  time  they  are  first  floated 
until  they  are  sawed.  It  is  probable  that  extract  from  the  logs  during 
this  long-continued  soaking  forms  an  appreciable  part  of  the  vegetable 
matter  in  the  water.  It  is  worthy  of  note  that  the  most  highly 
colored  surface  waters  are  found  in  those  areas  in  which  lumbering  is 
most  extensively  practiced. 

The  men  who  handle  the  logs,  the  'lumberjacks,''  practically 
inhabit  the  streams  and  are  constantly  in  them.  They  commonly 
micturate  and  defecate  in  the  streams  or  in  places  near  them,  whence 
their  bodily  excretions  are  directly  transferred  to  the  water.  At  Min- 
neapolis, where  several  hundred  men  are  employed  in  this  manner, 
just  above  the  principal  water  intake,  efforts  have  been  made  by  the 
city  health  commission  to  reduce  this  dangerous  pollution  by  estab- 
lishing closets  on  the  banks  of  the  river.° 

•Rinker,  Cappelen.  Haren,  Report  of  commission  appointed  by  the  city  coimcil  of  the  city  of  Min- 
ivapotiH  to  investigate  and  report  the  best  method  of  filtration  of  water  from  the  Mississippi  River, 
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PAPER   MILLS. 

Five  mills  were  reported  on  upper  Mississippi  River.  At  Grand 
Rapids  is  a  ground-wood  pulp  mill,  owned  by  the  Itasca  Paper  Com- 
pany, generally  employing  120  persons.  No  chemicals  are  used, 
except  very  small  quantities  of  alum  and  soda  ash.  When  the  mill  is 
in  full  operation,  between  500  and  800  gallons  per  minute  of  waste 
water,  cloudy  in  appearance,  is  discharged  into  Mississippi  River.  A 
ground-wood  pulp  mill,  owned  by  the  Northwestern  Paper  Company, 
is  located  one-half  mile  above  the  intake  of  the  city  waterworks  at 
Brainerd.  The  average  number  of  employees  is  33.  No  chemicals 
are  used.  The  effluent  from  the  grinders  and  the  felting  machine  is 
discharged  directly  into  Mississippi  River.  The  average  daily  output 
is  30  tons  of  wet  pulp.  At  Little  Falls  there  is  a  ground-wood  pi^^er 
mill  owned  by  the  Hennepin  Paper  Company.  The  average  number 
of  employees  is  60.  No  chemicals  are  used.  Waste  is  discharged  into 
Mississippi  River.  The  average  daily  output  is  20  tons  of  printing 
paper,  or  25  tons  of  manila  wrapping  paper.  Two  miles  above  Sauk 
Rapids  on  Mississippi  River  the  Watab  Pulp  and  Paper  Company 
has  recently  erected  a  plant  for  the  manufacture  of  news  paj>er.  It 
is  a  ground-wood  mill,  using  no  chemicals  except  small  amounts  of 
alum  and  clay.  All  waste  water  is  passed  through  a  70-mesh  screen 
before  being  discharged  into  the  river.  The  capacity  of  the  mill  is  35 
tons  daily.  At  Minneapolis  there  is  a  ground-wood  paper  mill  owned 
by  the  Nelson  Paper  Company.  The  average  number  of  employees 
is  50.  The  effluent  is  discharged  into  Mississippi  River.  The  daily 
capacity  is  20  tons  of  carpet  lining,  felt,  and  rosin-sized  sheeting. 

These  establishments  use  the  ground-wood  process  with  no  chemical 
treatment  of  the  wood  or  the  pulp  except  the  addition  of  small 
amounts  of  sizing  and  filler.  The  effluent  is  a  thin  liquid,  milky  or 
watery  in  appearance,  containing  fine  particles  of  pulp  and  grindstone 
in  suspension,  besides  resins  and  juices  dissolved  from  the  wood.  The 
larger  particles  of  pulp  are  always  screened  out  as  a  matter  of  economy, 
but  a  small  amount  escapes  with  the  effluent.  The  material  is  gen- 
erally considered  an  innocuous  but  undesirable  addition  to  the  water. 
It  probably  has  the  same  effect  as  the  waste  from  sawmills. 

SUGAR    INDUSTRY. 

The  only  beet-sugar  factory  in  the  State  was  built  at  St.  Louis  Park 
on  Minnehaha  Creek,  a  small  stream  entering  Mississippi  River  just 
below  Minneapolis.  In  1902  complaint  was  made  that  the  factory 
polluted  the  creek,"  making  it  unfit  for  cattle  to  drink  and  killing  the 
fish  in  it. 


a  Biennial  Kept.  Minn.  State  lioard  of  health.  1901-2,  pp.  267-269,  416. 
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Examination  showed  two  different  effluents — one,  containing  pos- 
sibly some  contamination,  is  spread  over  sandy  soil,  where  it  is 
absorbed;  the  other  is  the  water  used  for  washing  the  beets,  and 
it  is  discharged  into  settling  tanks,  whence  it  passes  into  the  creek 
over  brush  and  stone  so  placed  as  to  collect  any  floating  debris.  The 
beet  pulp  is  sold  for  stock  food.  The  waste  molasses,  which  was  at 
first  allowed  to  flow  into  the  stream,  was  later  preserved  and  sold- 
It  was  the  opinion  of  those  who  conducted  the  inspection  that  no 
serious  pollution  emanated  from  the  sugar  factory.  Analysis  of  sam- 
ples above  and  below  the  plant  failed  to  reveal  any  appreciable 
increase  of  organic  matter. 

Table  21.-  Analyses  of  craters  at  plant  of  Minnesota  Sugar  Company. 
[I'arta  p<'r  million.     11.  C.  Carol,  analyst.] 


Source. 


I  Chlorine.  Nitrates. 


Minnehaha  Cre«k  above  drain  of  Minne-  ' 

sota  Sugar  Co j  0.9 

liinnehaha  Creek  100  feet  above  drain '  .8 

liinnehaha  Creek  100  feet  below  drain j  .9 

&Cinnehaha  Creek  at  bridge  of  Electric  ' 

R.  R.  Co I  .9 

liinnehaha  Creek  300  yards  lielow  drain. .  .8 

Drain  of  Minnesota  Sugar  Co i  .9 


0.0 
0.0 
0.0 

0.0 
0.0 
0.0 


Nitrites. 


a  Slight  trace. 


OTHER    INDUSTRIES. 

With  the  exception  of  those  at  Minneapolis,  the  breweries  are  small. 
Their  waste,  consisting  of  barrel  and  vat  washings  and  a  milky  water 
left  after  screening  out  the  ''grains,^'  is  commonly  run  into  adjacent 
brooks  and  ponds,  where  it  putrefies  and  causes  a  more  or  less  disagree- 
able odor  and  appearance,  varying  with  the  degree  of  dilution.  Cream- 
ery w  aste  is  principally  sour  wash  water.  Offal  from  small  slaughter- 
houses is  sometimes  thrown  into  the  streams,  though  this  is  contrary 
to  regulations,  which  provide  for  the  deep  burial  of  all  matter  that  is 
not  preserved  in  the  slaughterhouse.  In  the  larger  packing  houses  a 
bloody,  greasy  liquid,  of  foul  odor,  containing  much  readily  putresci- 
ble  matter,  flows  away  from  the  skimming  tanks.  Starch  factories 
discharge  effluents  containing  vegetable  matter  in  greater  or  less 
amount,  the  quantity  depending  on  the  economy  of  the  processes  em- 
ployed. Tannery  wastes  contain  lime,  hide  soakings,  hair,  and  spent 
liquors.  The  wastes  from  all  these  industries  are  probably  not  inher- 
ently toxic  in  the  quantities  which  are  present.  They  are  undesirable 
and  objectionable  in  that  the^^  contain  organic  matter  capable  of  caus- 
ing nuisances  by  putrefaction  and  of  becoming  foci  for  the  develop- 


Hz 
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ment  of  pathogenic  organisms.     In  most  cases  the  effluents  contii 
valuable  ingredients  for  which  research  has  found  or  will  find 
economical  method  of  recovery. 

MUNICIPAL  POLLUTION. 
PROBABILITi'    OF   POLLITION. 

In  the  discussion  of  probable  pollution  from  centers  of  population 
it  should  be  remarked  that  there  is  always  drainage  of  some  sort  froB  ^ 
every  collection  of  people,  whether  it  consists  of  one  family  or  Ui  t;i 
thousand,  and  whether  it  is  connected  with  an  adjacent  stream 
sewers  or  by  surface  washing.     The  dejecta  of  one  infected  househol 
has  caused  typhoid  epidemics  as  disastrous  as  those  originating  froB  tn 
a  sewered  city,  though  the  probability  of  infection  is  less.     Theref( 
the  surface  water  from  an  inhabited  area  is  always  liable  to  infecti 
The  prospect  of  pollution  is  uncertain  and  depends  upon  many  fact 
other  than  the  population  per  square  mile.     Climate,  geology, 
chemical  quality  of   the  water,  rate  of  stream  flow,  d^ution, 
virility  of  the  organisms,  as  well  as  their  food  supply,  and 
other  conditions  infUience  the  distance  which  the  pathogenic  bad 
may  be  borne  by  water.     Recent  investigators  with  cultures  of 
typhosus  in  permeable  sacs  found  the  organism  able  to  retain  its  vitiH 
ity  from  six  to  ten  days  in  the  water  of  Lake  Mendota,  Wis.,  four  to 
eight  days  in  Lake  Michigan  water,  three  to  five  days  in  raw  sewage, 
and  one  to  three  days  in  Chicago  River.     Other  bacteriologists  have 
found  longer  periods  of  surv'ival."     In  view  of  the  fact,  therefore,  thai 
the  life  period  of  B.  typhosus  in  water  is  variable  and  at  present  not 
determinable  with  any  degree  of  safety,  it  is  well  to  assume  that  no 
surface  water  coming  from  an  inhal)itod  area  should  be  used  as  a 
municipal  supply  without  artificial  purification.     Cities  that  use  raw 
stream  water  as  a  public  supply  are  always  in  danger  of  tj^phoid 
epidemics  and  generally  have  higher  typhoid  rates  than  those  that 
procure  their  domestic  supplies  in  some  other  manner. 

POPULATION. 

Application  of  the  general  principle  stated  above  to  upper  Missis- 
sippi River  demonstrates  that  its  waters  are  not  suitable  for  municipal 
use  without  filtration.  Table  22  shows  the  distribution  of  population 
by  counties  in  the  drainage  area  for  the  years  ISOO,  1900,  and  1905. 
Table  2.S  shows  the  density  of  population  in  the  region.  The  method 
used  HI  dividing  the  total  population  of  a  county  between  two  or  more 

a  Soo  Ping.  Kt'cord,  Dec.  24.  VM4;  Srpt.  Zi,  1005;  Jour,  liifot'tious  Disoasos,  vol.  1,  No.  4;  Testimoiiv'. 
Stato  of  Missouri  r.  Sanitary  District  of  Chicago,  p.  2000  et  scq. 


MISSISSIPPI   BASIN   ABOVE   MINNESOTA   RIVER. 


45 


drwnage  areas  was  as  follows:  The  population  of  villages  and  cities 
exceeding  1 ,000  was  subtracted  from  the  total  population  of  the  county, 
and  the  remainder  was  divided  according  to  the  areas  of  the  county 
sections  in  oach  drainage  basin;  the  population  of  each  settlement  was 
then  added  to  that  of  the  basin  in  which  the  settlement  is  located. 

Table  22. — Population  in  upper  Mississippi  River  basin. 


County. 


Aitkin 

AnokM 

Berker 

Ddtrami.... 

Benton 

CWtOT 

€«• 

Carver 

Clearwater.. 
Crow  Wing. 

Dooslaa 

Hennepin... 
Habbard... 

laanti 

Itaaca 

Kandiyohi . . 
McLeod 


M»ker... 
M.i.dacs.. 
MomsoQ. 
Otiertaa. 
Pope. 


Ramsey.... 
RaivUkp... 
S»erbarne. 
Steama.... 


Todd. 

Wadena 

Wnght 

Chippewa  Reservation. 


U.  S.  cen-  i  U.  S.  cen-  I  State  cen- 
sus of  18Q0..  sua  of  190a   sus  of  1905. 


2,262 
9,884 
2,630 

212 
6,284 

548 
1,247 
4,774 


8,852 

8,596 

183,566 

1,412 

7,372 

543 

6,066 

14.594 

15,456 

2,645 

13,325 

9,693 

1,881 

3,320 

4,106 

5,906 

34,844 

12,'^ 

4,053 

24,163 


391,188 


6,355  I 
10.939 
3,772 
5,132 
9,912 
1,389 
7,777 
5.126 


14,250 

10,730 

226,428 

6,578 

11,303 

2,934 

7,502 

10,795 

17,753 

7,766 

22,891 

12,358 

2,289 

3,745 

5,412 

7,281 

44,464 

22,214 

7,921 

29,157 


8,851 
11,673 

5,063 
a7,304 
11,256 

1,609 
11,012 

5,209 

al,409 

16.731 

11,396 

290,719 

9,006 
12,489 

6,749 

7,787 
16,556 
17,953 

9,476 
24,584 
13,025 

2.329 

4,654 

5,696 

7.961 
47,120 
24,638 

9,317 
29,467 

1,920 


530, 173  I 


632,963 


o  Clearwater  County  organized  from  part  of  Beltrami  County  since  1900. 
*  Included  under  county  populations  in  U.  8.  censuses. 

Table  23. — Density  of  population  in  upper  Mississippi  River  basin. 


Drainage 
area. 


Inhabitants  per  square 
mile. 

1890.    '    1900.        1905. 


Square  miles. 
\         a  3, 665 


I 


Above  Gnnd  Rapids: 

bitliearea.. 

.  ^  Exdoding  chief  wttlements 

Above  St.  Qood: 

^^  Exdodi^Ki"rf8rttlan«ats.!]!.*!.'.'i!!!.\\"."!  «13,872  { 

Above  Minneapolis:  I 

Entinarea 1 

Eidoding  diief  settlements ll 

Above  Minaeeota  River. 

Entire  area.. \\ 

Kidnduig  dii'ef 'settYeinents  .!!."!'..!!...!!!!.].!!!!*.!.!!!]!!/ 


6  19,585  i 

L 

'19,731    I 


ae 


7.6  ! 
6.41 


11  2  I 
9.3 


19.8  , 
9.4 


•  Ann.  Rept.  Chief  of  Engineers,  U.  8.  Army,  1875,  pt.  2,  p.  437. 

*  U.  8.  Water  Power  Census,  vol.  2.  1880.  p.  138. 

cAnn.  Rept.  Chief  of  Engineers,  U.  S.  Army,  1894,  pt.  5,  p.  1704. 


a9 

ao 


12.5 
10.1  I 


16.6 
14  0  , 


2a9 

14.2  1 


a3 

4.7 


14.7 
11.8 


ia2 

15.0 


:i2.i 

15.4 
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The  present  density  of  population  for  the  entire  area  is  considerably 
higher  than  that  for  the  State  (25  per  square  mile).  Excluding  Min- 
neapoUs,  the  population  of  which  is  over  one-third  of  the  total,  the 
density  is  about  20  persons  per  square  mile.  This  is  not  high  €is  com- 
pared with  some  parts  of  the  United  States.  Since,  however,  nearly 
50  per  cent  of  the  inhabitants  are  concentrated  in  cities  and  villages 
that  stand  on  the  banks  of  the  principal  streams  and  are  sewered 
directly  into  them,  there  is  abundant  opportunity  for  water  pollution. 
It  should  be  noted  that  the  population  is  rapidly  increasing,  so  that 
the  pollution  is  likely  to  be  much  greater. 

CONDITIONS    ON    THE    MISSISSIPPI. 

General  conditions, — PI.  II  shows  the  hydrography  of  the  region 
and  the  location  of  all  settlements  exceeding  1,000  population  according 
to  the  census  of  1900.  Those  which  have  established  sewerage  systems 
are  indicated  by  a  vertical  bar  within  the  population  circle.  The 
most  noticeable  features  are  as  follows :  (1)  All  the  settlements  except 
one  are  in  direct  stream  connection  with  Mississippi  River,  since  they 
are  situated  on  the  banks  of  either  the  main  stream  or  one  of  its  tribu- 
taries; (2)  the  majority  of  urban  centers  are  in  the  southern  half  of  the 
area;  (3)  the  four  larger  cities,  aggregating  285,385  inhabitants,  or 
45  per  cent  of  the  total  population  in  the  basin,  are  on  the  main  stream 
and  are  connected  directly  with  it  by  sewerage  systems  discharging 
sewage  without  purification. 

Conditions  at  Grand  Rapids, — The  portion  of  the  basin  above  Grand 
Rapids  is  one  of  the  least  populated  areas  in  the  State,  and  it  may 
still  be  called  an  undeveloped  region.  Bemidji,  on  Lake  Bemidji; 
Walker,  on  Leech  Lake;  and  Cass  Lake,  on  Cass  Lake,  are  all  small 
villages.  Much  of  this  area  is  included  in  Indian  reservations  and 
comprises  considerable  timber  and  swamp  land.  Three  of  the  largest 
lakes  in  the  State  are  situated  in  this  section. 

Conditions  at  St.  Cloud. — The  portion  of  the  basin  above  St.  Cloud, 
which  includes  about  70  per  cent  of  the  upper  Mississippi  basin,  is 
principally  deforested  land  now  cultivated.  The  chief  sources  of 
river  pollution  above  St.  Cloud  are  given  in  Table  24. 


^  I. 
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Table  24. — Principal  settlemenU  above  St.  Clovd. 


Name, 


\.itkin 

Akiandria 

Bemidji 

Bnunerd 

Grand  Rapids. 
Utile  Falls.... 
longPnir.e... 

Mdro« 

Park  Rapids... 
S&ak  C^nUT. . . 
Sank  Rapids... 

Staples 

Wadena 


Total  urban  population . 


Stream. 


*  Distance 
.  above  St. 
Cloud,  a   •  1890. 


Population. 
1900. 


Mississippi  River 

Lake  Agnes 

Lake  Bemidji 

M  ssisslppi  River... 
Mississippi  River... 
Mississippi  River... 
Long  Prairie  River. 

Sauk  River 

Fishhook  River 

Sauk  River 

Mississippi  River... 
Crow  Wing  River... 
Union  Creek 


130 
160  I 
400  ' 
75  ' 

38| 
120  , 

50  , 
140  I 

2  ' 
94  I 
110  ' 


737 
2,118 


5,703 


2,354 

1,206 

780 


1,095 

1,185 

842 

895 


1,719 
2,681 
2,183 
7,524 
1,428 
5,774 
1,385 
1,768 
1,313 
2,220 
1,391 
1,504 
1,520 


1905. 


1.896 
3,051 
3.800 
8,133 
2,055 
5,856 
1,256 
2.151 
1,719 
2,463 
1,552 
2,163 
1.868 


17,515  1  32,410 

I 


37,963 


a  St.  Cloud  is  76  miles  above  Minneapolis. 

Conditions  at  Minneapolis, — ^The  pollution  above  Minneapolis  has 
been  discussed  by  the  Minneapolis  water  commission,  which  rec- 
ommended that  Mississippi  River  at  this  point  should  be  purified  by 
slow  sand  filtration.  ^  The  length  of  time  for  the  passage  of  water 
from  Grand  Rapids  to  St.  Paul  at  low-water  stage  has  been  calcu- 
lated by  the  U.  S.  Engineering  Corps  as  eight  days.  From  the  slope 
of  the  river  (fig.  1)  and  the  fact  that  the  typhoid  bacillus  has  lived 
for  three  to  ten  days  in  water  similar  to  that  of  Mississippi  River,  it  may 
be  considered  probable  that  Minneapolis  is  not  exempt  from  infection 
by  several  cities  on  its  watershed.  In  addition  to  the  urban  pollution 
there  are  farmhouses  and  other  isolated  dwellings  scattered  along  the 
river,  infection  from  which  might  reach  the  city.  The  principal  set- 
tlements on  the  stream,  with  the  distance  above  Minneapolis,  and 
their  population,  are  given  in  the  following  table.  Comparison  of 
the  populations  for  successive  censuses  shows  that  nearly  all  of  these 
places  are  growing  rapidly. 

Table  25. — Principal  settlements  above  Minneapolis. 


Name, 
o^broents  above  St.  Cloud.  .   . 

Stream. 

Distance 
al)ove 
Minne- 
apolis. 

Afiles. 

See  Table  24, above.) 
Aaoka 

Rum  River    

17 

Baflalo 

Buffalo  Lake 

(iO 

Buffalo  Creek 

85 

Uotrtunson 

South  Fork  Crow  River  «> 

Jewett  Creek 

100 

Ut<«Wiekl...                

lOT) 

Vilica. 

Rum  River 

9.'> 

I'rtiieeton ...                

Rum  River 

80 

»t.rkwjd 

Mississippi  River 

70 

^hlt^B#«r  Lake       

White  Bear  Lake 

40 

Population. 


1900. 

1905. 

32. 410 

37,963 

3,709 

4,053 

1,040 

1,124 

1,780 

1.805 

2, 495 

2,489 

2,280 

2,415 

1,204 

1,319 

1,319 

1,704 

s.ms 

9,422 

1.288 

1,724 

1890. 


17,515 

4,2.52 

G0»i 

1,649 

1.414 

1,809 

404 

810 

7,»'>80 

1,35<> 


37.597  I  5<i,248  ,    04,018 


«  Rinker.  Cappelen,  and  Hazen,  op.  cit. 
IRB  193—07 4 


b  Locally  known  as  Hassan  River. 
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TYPHOID   FEVER. 

The  relations  between  the  principal  settlements  and  the  streams, 
as  shown  in  PI.  II,  counterbalance  to  some  extent  the  compara- 
tively low  population  per  square  mile  and  explain  the  prevalence  of 
typhoid  fever.  Aitkin  takes  its  domestic  supply  from  Mud  River. 
Brainerd,  below  Aitkin,  uses  Mississippi  River  water,  as  do  also 
Little  Falls,  St.  Cloud,  and  Minneapolis,  all  without  filtration.  Each 
in  turn  discharges  sewage  directly  into  Mississippi  River  without  puri- 
fication. In  this  maimer  each  is  exposed  to  infection  from  it«  neigh- 
bors above  and  subjects  its  neighbors  below  to  additional  danger. 
Epidemics  of  typhoid  fever  have  visited  nearly  every  community  in 
the  area,  and  the  disease  is  always  prevalent.  Records  at  Minneapo- 
lis are  as  follows: 


Table  26. — Typhoid  fever  at  Minneapolis  ^^^ 


Year. 


1891.. 
1892.. 
1893. 
1894.. 
1895.. 
1896.. 
1897.. 


1900.. 
1901.. 
1902.. 
1903.. 
W04.. 


Averages . 


Typhoid 

Typhoid 

eases. 

deaths. 

583 

93 

482 

76 

1,060 

134 

847 

101 

740 

88 

435 

60 

1,534 

148 

G89 

86 

537 

71 

376 

79 

630 

.    121 

320 

66 

720 

95 

738 

103 

Typhoid 

death 
rate  per 
100,000.» 


54.7 
44.7 
74.4 

56  2 
48.8 
31.6 

n.9 

43 

35.5 

39.5 

57. 6 

28.7 

39.5 

41.2 


Ratio  of 
deaths  to 

^percem). 

16 
l^ 
12 
i^ 

n 
n 

9 

n 
'I 

19 
21 
II 
H 


8.1 


o  Hall,  Dr.  P.  M.,  Ann.  Kept.  Dept.  of  Health,  Minneapolis,  1904,  p.  19. 

6  Population  computed  from  the  average  annual  increase  shown  by  the  censuses  of  1890, 1900,  and  1905, 

The  relationship  of  water  supply  and  typhoid  fever  at  Minneapolis 
has  been  extensively  investigated,  and  reports  of  the  findings  have 
been  published.^  The  severest  epidemic  in  lat^  years  oc<!urred  in 
1897,  when  1,534  cases  were  reported,  a  record  closely  approached 
in  1893,  when  there  were  1,080  cases.  In  the  first  three  months  ol 
1904  there  were  over  450  cases,  with  61  deaths.  A  study  of  the  prog- 
ress of  the  disease  for  several  years  has  shown  that  the  severest 
epidemics  occur  after  the  introduction  of  water  from  the  two  lowei 
pumping  stations,^  while  the  least  typhoid  is  reported  when  the 
supply  is  drawn  exclusively  from  stations  at  the  northern  limits  oi 

oRinker,Capp*'Ien.Hazen,  Rppl.  of  Minneapolis  Water  roniiiisslon,  lf04;  Hall.  Dr.  P.  M..  Ann.  Rept« 
Dept.  of  Health  of  Minneapolis:  Corbett,  Dr.  J.  F.,  Typhoid  and  water  supply:  Ann.  Rept.  Minncapi^ 
lis  Dept.  of  Health,  1904,  p.  27;  Smith,  E.  0..  The  Mississippi  River  as  the  Source  of  Water  Supply  foi 
the  Inhabitants  of  the  Mississippi  Valley:  Jour.  New  Eng.  Waterworks  Assoc.,  1905,  \-ol.  19.  p.  i>i: 
Bass,  F.  H.,  An  epidemic  of  typhoid  fever  In  East  Minneapolis:  Eng.  News,  March  3, 1904,  vol.  51,  p.  lOi 

^  See  p.  63  for  location  of  intakes. 
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the  city.  Continued  bacteriological  examinations  of  the  water  for 
more  than  100  miles  above  the  city  have  demonstrated  the  pollution  of 
the  river  water. 

At  St.  Cloud  well-marked  epidemics  have  occurred  and  the  disease 
has  seldom  been  absent.     In  twenty-one  months  from  November  1, 

1900  to  August  1,  1902,  154  cases  were  reported,  with  12  deaths.     In 

1901  a  general  spread  of  the  disease  over  the  city  was  attributed  to 
infection  of  the  water  supply  by  seepage  from  the  sewer  of  a  hosiptal 
at  which  typhoid  patients  were  being  treated.  The  supply,  which  is 
taken  from  Mississippi  River  without  filtration,  has  been  repeatedly 
condenmed  by  the  State  board  of  health. 

The  records  of  deaths  from  typhoid  fever  indicate  that  the  disease  is 
not  confined  to  the  cities,  but  is  prevalent  as  well  in  the  rural  districts. 

QUALITY   OF  WATER. 

Samples  of  water  were  taken  at  points  in  the  basin**  above  and 
below  the  principal  settlements,  and  examined  for  the  purpose  of 
ascertaining  the  general  characteristics  of  the  stream  water  and  the 
changes  that  might  occur  in  it  from  place  to  place.  Since  it  was 
not  possible,  on  account  of  the  expense,  to  make  weekly  or  even 
monthly  examinations  of  water  from  all  stations,  the  samples  were 
collected  in  series  under  conditions  as  nearly  similar  as  practicable. 
Series  I  of  Table  27  was  taken  during  the  late  fall  and  early  winter 
of  1903;  Series  II  was  collected  during  the  early  part  of  1904,  at  a 
time  when  the  waters  had  been  icebound  for  more  than  two  months; 
Series  III,  taken  during  May  and  June,  1904,  represents  the  water 
during  the  decline  following  the  spring  floods.  During  the  period 
intervening  between  the  first  and  the  last  samples  the  river  fluctuated 
comparatively  little;  gage  readings  at  the  Survey  station  above  Sauk 
Rapids  show  a  total  fall  of  1.65  feet  between  May  18  and  June  18. 
Between  September  2  and  November  4,  when  Series  IV  was  taken, 
there  was  some  change  in  the  stream  discharge.  Heavy  rains  in 
October  caused  a  gradual  rise  of  the  river,  which  reached  its  maxi- 
mum about  the  middle  of  the  month  and  then  declined,  so  that  the 
samples  taken  at  Anoka  probably  represent  a  greater  dilution  than 
those  taken  at  St-  Cloud.  Series  V  was  collected  during  the  latter 
part  of  the  winter  in  1905.  The  river  was  frozen  during  this  period 
and  there  was  little  change  in  the  discharge. 

a  See  Pi.  I  tor  location  of  sampling  stations. 
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The  high  nitrogen  content,  the  vegetable  odor,  the  color,  and  the 
fact  that  the  albuminoid  ammonia  was  separated  with  difficulty  indi- 
cate that  the  stream  contams  a  large  amount  of  vegetable  matter. 
These  sanitary  examinations  show  the  futility  of  attempting  to  dem- 
onstrate the  pollution  of  a  stream  of  this  character  by  chemical 
analysis  of  samples  taken  above  and  below  settlements  on  its  banks. 
The  considerable  amount  of  vegetable  matter  that  is  probably  present 
completely  masks  the  much-diluted  but  still  dangerous  sewage  con- 
tributed by  the  towns  and  prevents  its  detection.  Besides  this 
difficulty,  the  tests  indicate  only  an  increase  or  a  decrease  in  the 
amount  of  organic  matter,  without  showing  whether  it  is  dangerous 
or  harmless.  Therefore  the  nitrogen  determinations  do  not  show  the 
hygienic  value  of  the  stream.  They  do,  however,  demonstrate  the 
presence  of  much  organic  matter,  mostly  in  the  undecomposed  or 
"albuminoid^' form.  Free  ammonia  is  generally  about  0.05  part  per 
million,  but  varies  within  wide  limits.  A  small  amoimt  of  nitrates  is 
usually  found;  nitrites  are  seldom  present  except  in  winter  and  then 
only  in  small  quantity;  the  greater  part  of  the  organic  matter  is 
determined  as  albuminoid  ammonia.  The  water  has  a  vegetable 
odor,  combined  sometimes  with  a  moldy  smell.  It  has  at  all  times  a 
distinct  brown  color,  which  runs  as  high  as  160  parts  per  million, 
though  its  usual  range  is  from  20  to  80.  It  has  been  suggested  that 
the  color  is  due  to  some  compound  of  iron;  but  this  can  hardly  be  the 
case,  because  the  small  amount  of  this  element  present  could  not 
account  for  the  high  tint  observed.  It  is  probably  caused  by  swamp 
drainage  and  resins  extracted  from  the  logs  floated  in  the  stream. 
The  highest  color  is  found  in  waters  coming  from  swamp  districts  or 
in  streams  on  which  extensive  logging  operations  are  conducted,  and 
the  lowest  in  the  large  lakes,  where  opportunity  is  afforded  for  oxi- 
dation and  destruction  of  the  dissolved  organic  matter.  The  drain- 
age of  swamp  lands  and  the  decline  of  the  lumber  industry  will  there- 
fore be  accompanied  by  a  progressive  decrease  in  the  color  of  the 
streams  in  this  basin. 

In  mineral  content  the  stream  presents  distinct  characteristics. 
Chlorine  is  low,  seldom  exceeding  2  parts  per  million.  A  small 
amount  of  combined  sulphuric  acid,  varying  from  a  trace  to  about  5 
parts  per  million,  is  present.  Calcium  and  magnesium  occur  in  appre- 
ciable quantities,  as  is- shown  by  the  alkalinity  and  total  hardness. 
They  are  probably  present  as  bicarbonates,  since  the  samples  exaniLued 
gave  no  alkaline  reaction  with  phenolphthalein  in  the  cold.  The  fact 
that  only  a  small  percentage  of  the  residue  is  soluble  in  alcohol  shows 
that  the  water  contains  but  a  small  amount  of  alkaline  salts,  though 
its  content  o^  alkaline-earth  compounds  is  comparatively  high. 
These  statements  are  corroborated  by  the  mineral  analyses  given  in 
Table  28. 
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Table  28. — M  inhered  aTudyses  of  water  from  upper  Mississippi  River  hasin.^ 
[Parts  per  million.] 


Plac«. 


Mississippi  River: 

Xt  Brainerd  6 

At  Little  Falls  d 

AtStaood** 

Above  Miimeapoiis  « 

Below  Minnettpolii) « 

At  Minneapolis  0 

At  Minneapolis  9 

Ram  River  at  Anoka,  << 

S«Qk  River  at  Sauk  Center  d 
PUlte  River  at  Royalton  d  , 

MiUelacs* 

LakeMinnetonka^k 


Total  ,  Oxide  of 


Date. 


alka-  I  iron  and 


Or- 
Total  '    ^"®*      Kanic 
^rAiXl    p^'nded     and       Unity  I  alumina 
souas.    g^^j^jg      ^.^j^,  ,     ,^g     ,  Fe,0.4- 

tile.     CaCOj).   (A1,0«). 


f  195 


Aug.  —,1884 
Mar.  31,1903 

-...do.. 

Dec   20,1881  |     /212 

do 

Dec.   10,1890 
Mar.  29,1900 

Mar.  27,1903  ■ 

Mar.  31,1903  I 

do I 

1881  186 

May     2,1883       <  110 


12 
21 


/211 
215  I 


10  I 
8 
49 


I 


Iron 

(Fe;. 


Alu- 
minum 

(Al). 


Place. 


Date. 


^  ,  Mag- 
Silica  !r,^J„  ne- 
(SiO,).  fiHff  sium 

<^*>-  (Mg). 


Mississippi  River: 

At6raiDerd*> Aug.  —,1884 

At  Little  FaUsd Mar.  31,1903  ' 

At  St  Cloud  d do 

Above  MinneapoUs'...    Dec  20,1881 

Below  Minneapolis  «  ...i do 

At  Minneapolis  ff 1  Dec   10,1890 

.U  Minneapolis  a Mar.  29,1900 

Rmn  River  at  Anoka  d I  Mar.  27,1903  ' 

SdokRiverat  Sauk  Center d  Mar   31,1903 

Platte  River  at  Royalton  d.  I do 

MUlelacs  * 1881 

UkeMinnetonka* ,  May     2,1883 


18 

41 

4.3 

43 

5.8 

45 

13 

44 

17 

42 

50 

40 

18 

50 

5 

47 

9 

58 

4.3 

22 

4.8 

28 

«  Expressed  by  analysts  in  hypothetical  combinations;  recomputed  to  Ionic  form  at  U.  S.  Geological 
Surrey. 

*  Analysia  by  C.  F.  Sldener. 
<^  Traces  of  NOi  and  PO*. 

*  .inalyses  by  Kennicott  Water  Softener  Company. 
'Analyses  by  J.  .\.  Dodge. 
/  Trace  of  NOj. 


#  Analyses  by  Chicago,  Milwaukee  and  St.  Paul  Railway  Company. 

'  Analysis  b^  W.  A.  Noyes. 

'Traces  of  lithium,  phosphates,  borates,  and  nitrates. 


This  portion  of  Mississippi  River  is  distinctly  different  from  the 
lower  part,  especially  in  its  percentage  of  suspended  matter  and  alka- 
line salts.  Its  use  in  boilers  causes  no  serious  difficulties,  and  it  may 
be  classed  as  good  for  steaming  purposes.  The  calcium  and  mag- 
nesium compounds  can  be  removed  by  using  small  amounts  of  soda 
ash.  The  water  is  harder  than  that  of  St.  Louis  River  or  that  of  St. 
Croix  River  and  softer  than  the  waters  of  Minnesota  and  Red  rivers. 
The  two  latter  streams  also  contain  a  higher  percentage  of  alkaline 
salts  than  the  upper  Mississippi, 

The  bacterial  content  is  of  course  extremely  variable,  and  no  aver- 
age can  be  calculated  logically  from  the  data  at  hand.  The  amounts 
recorded  probably  indicate  more  nearly  the  actual  condition  of  the 
stream  than  such  figures  usually  do,  because  the  samples  were  plated 
immediately  after  collection  instead  of  after  shipment  to  the  labora- 
tory.   The  water  from  the  upper  section  of  the  system  contained 
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from  100  to  500  bacteria  per  cubic  centimeter,  while  some  samples 
from  the  lower  river  contained  as  high  as  3,000  to  6,000  per  cubic 
centimeter.  Though  this  rise  in  the  number  of  bacteria  shows  that 
the  water  is  open  to  suspicion  as  a  source  of  domestic  supply,  the 
most  positive  index  of  pollution  is  the  fact  that  from  almost  every 
sample  examined  between  Grand  Rapids  and  Minneapolis  B.  coll 
communis  was  isolated  in  piu*e  culture  with  1  cubic  centimeter  of 
water.  The  constant  presepce  of  this  intestinal  organism  proves  that 
the  stream  is  unfit  for  domestic  consmnption  in  its  natiu'al  state,  hi 
February,  1902,  a  culture  of  5.  coli  communis  that  was  virulent  for 
guinea  pigs  in  small  doses  in  twelve  hours  was  isolated  from  the  St. 
Cloud  water  supply,  which  is  raw  Mississippi  River  water.  The 
importance  of  this  fact  is  increased  when  it  is  stated  that  the  total 
number  of  colonies  was  50  per  cubic  centimeter,  over  90  per  cent 
being  B.  coli  communis,  A  series  of  samples  taken  by  the  Minne- 
apolis department  of  health  from  Brainerd  to  Minneapolis  show  that 
large  numbers  of  this  bacillus  are  constantly  present  in  the  river.* 
It  is  especially  worthy  of  note  that  the  organism  was  frequently 
found  in  other  streams  of  the  basin  while  it  was  not  isolated  from 
samples  of  water  taken  from  the  large  lakes. 

Mud  and  Rum  rivers  carry  considerably  less  dissolved  mineral  mat- 
ter than  Mississippi  River,  as  is  shown  by  their  alkalinity,  hardness, 
and  total  solids.  Millelacs  is  similar  to  Rum  River  at  Anoka  in  its 
mineral  constituents.  On  the  other  hand,  Leech,  Winnibigoshish, 
Cass,  Bemidji,  Carlos,  Osakis,  Latoka,  and  Hale  lakes,  all  lying 
within  the  limits  of  the  Cretaceous  rocks,  have  high  mineral  contents. 
The  influence  of  the  Cretaceous  rocks  may  also  be  seen  by  considera- 
tion of  the  river  analyses  in  series.  The  mineral  constituents  in  the 
river  above  Bemidji  are  highest;  from  that  point  downstream  the 
alkalinity,  hardness,  and  total  solids  decrease  in  every  series,  a  change 
that  shows  the  effect  of  dilution  by  waters  from  the  regions  compris- 
ing Archean  and  Cambrian  rocks.  In  the  same  journey  the  water 
increases  perceptibly  in  turbidity  and  in  content  of  organic  matter. 

A  comparison  of  the  analyses  of  the  five  series  of  samples  (Table  27) 
shows  the  seasonal  variation  in  the  water.  In  winter  the  inorganic 
substances  are  all  higher  than  at  any  other  time  of  year,  as  may  be 
expected,  since  practically  all  the  stream  flow  is  derived  from  under- 
ground water  which  has  been  in  more  or  less  intimate  contact  with  the 
mineral  constituents  of  the  ground.  In  the  main  stream  the  alka- 
linity is  between  130  and  280  parts  per  million  in  winter,  as  compared 
with  60  to  180  parts  in  the  spring  and  fall.  There  is  a  corresponding 
difference  in  chlorine,  hardness,  and  total  residue.  During  the  winter 
the  color,   turbidity,   and  nitrogenous  matter  decrease   noticeably. 


a  Corlwtt,  Dr.  J.  F.,  Typhoid  and  Water  Supply:  Ami.  Ropt.  Minneapolis  department  of  heallb. 
1904,  p.  27. 
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Though  the  number  of  bacteria  per  cubic  centimeter  suflFers  some 
diminution,  B.  coli  communis  is  found  as  often  in  winter  as  in  summer, 
a  fact  that  indicates  the  constant  presence  of  polluting  matter.  The 
presence  of  large  numbers  of  these  organisms  in  winter  is  not  surpris- 
ing when  it  is  considered  that  the  river  is  then  practically  a  closed 
sewer  from  one  settlement  to  the  next,  since  its  surface  is  covered 
with  10  to  40  inches  of  ice  and  the  water  is  effectually  protected  from 
the  purifjang  influences  of  sun  and  air. 

Table  29. — Quality  of  water  of  Mississippi  River  at  Minneapolis^  Minn.,  1905,^ 

[Parts  per  million.] 
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a  Analyses  by  A.  D.  Meetls,  Minnoupolis,  Minn. 

The  seasonal  fluctuation  in  the  quality  of  the  water  is  shown  in 
more  detail  by  Table  29,  which  gives  the  results  of  analyses  of  Missis^ 
sippi  River  at  Camden  Park  pumping  station,  Minneapolis,  during 
1905.  By  means  of  fig.  2  a  comparison  may  be  made  of  the  color, 
chlorine,  alkalinity,  and  "fixed''  or  mineral  residue  with  the  river 
level  at  various  times  of  tlie  year.  Acknowledgment  is  made  to  the 
department  of  health  of  Minneapolis  for  the  analytical  results.  The 
gage  heights,  giving  the  change  in  level  of  the  mill  pond  above  the 
dam  at  St.  Anthony  Falls,  have  been  obtained  through  the  courtesr 
of  Mr.  R.  D.  Thomas,  of  the  Minneapolis  Mill  Company.  Color  follows 
the  gage  height  closely.  In  winter,  when  the  swamps  and  other 
sources  of  vegetable  matter  are  icebound,  the  color  is  lowest.  It 
increases  with  the  spring  floods  and  follows  the  decline  of  the  water  in 
autumn,  finally  returning  to  its  winter  normal  when  the  streams  close. 
Chlorine  and  alkalinity,  on  the  other  hand,  vary  inversely  with  the 
depth  of  water.  Tliey  are  liighest  in  winter,  when  the  ground  flow 
constitutes  the  greater  part  of  the  run-off  and  decrease  during  the 
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'Open  season  in  proportion  to  the  dilution  caused  by  freshets.  The 
u  relation  of  the  total  mineral  solids  to  the  discharge  is  not  so  simple, 
because  that  estimate  includes  both  dissolved  and  suspended  inor- 
'  ganic  solids.  Therefore  the  dilution  of  dissolved  mineral  matter  dur- 
;  ing  freshets  is  to  some  extent  modified  by  an  increase  of  turbidity. 

The  examinations  noted  in  the  preceding  tables  support  the  conclu- 
sions reached  by  sanitary  inspection.  It  is  evident  that  Mississippi 
River  in  its  raw  state  is  not  a  safe  source  of  municipal  supply.  It  is 
not,  however,  so  grossly  polluted  as  to  be  incapable  of  purification  by 
Avell-operated  filters.  At  the  same  time  it  is  the  most  desirable  source 
of  supply  for  general  use  on  account  of  its  softness  as  compared  with 
local  well  waters.  In  conclusion,  the  averages  of  64  analyses  of  waters 
of  upper  Mississippi  River  are  given  in  Table  30,  which  shows  the  max- 
imum and  minimum  determinations  made. 

Table  30. — Summary  of  quality  of  water  of  upper  Mississippi  River. 
[Parts  per  million.] 


Determination. 

Maximum. 

Minimum. 

Average. 

Color 

160 

4 

50 

Odor 

2v 

Turbidity 

55 
2.6 
a5 
280 
229 

1.5 
301 
25 
..•170 

.14 
.002 

<7 
0.2 
0 
64 
S3 
Trace. 
128 
7 
.01 
.09 
Trace. 
Trace. 

<7 

Chlorine 

0.9 

Sulphate  radicle 

Trace. 

Alkalinity 

151 

Total  bflMne*? 

136 

Iron 

Trace. 

Total  residue 

189 

Soluble  residue  .             .  .        

16 

Free  ammonia 

.191 

Albuminoid  ammonia  

.475 

Nitrates 

.05 

Nitrites 

.000 

o  Estimated. 


NOTES  ON  MUNICIPALITIES. 

Thirty-four  of  the  42  settlements  described  below  have  public 
water  supplies,  16  of  which  are  derived  from  lakes  or  streams  with- 
out purification.  Twelve  have  sanitary  sewerage  systems.  In  all  of 
them  privies  and  cesspools  are  common  and  generally  no  particular 
restrictions  are  observed  in  their  construction  or  care.  Garbage  is 
usually  hauled  outside  the  settlement  limits  and  either  burned  or 
allowed  to  decay. 

Aitkin,  Aitkin  County. — On  left  bank  of  Mississippi  River  at  its 
confluence  with  Mud  River.  Water  supply  is  taken  from  Mud  River 
without  filtration  within  the  village  limits.  The  stream  is  exposed  to 
several  sources  of  pollution  and  there  was  considerable  typhoid  fever 
in  1904.  Ice  supply  is  taken  from  Mud  River  above  pumping  station. 
Sewerage  system,  both  storm  and  sanitary,  enters  Mississippi  River. 
Private  sewers  also  enter  Mud  River  below  the  pumping  station. 
Garbage  is  hauled  away  to  the  public  dumping  ground. 
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Akely,  Hubbard  County. — On  Crow  Wing  River  near  its  head- 
waters. Water  for  fire  protection  only  is  supplied  by  Red  River 
Lumber  Company.  Water  for  domestic  use  is  taken  from  shallow 
private  wells.  Ice  is  cut  from  Crow  Wing  Lake,  1  mile  from  town. 
There  is  no  sewerage  system,  so  that  cesspools  and  privies  are  com- 
mon.    Garbage  is  hauled  one-half  mile  from  town  and  burned. 

Alexandria^  Douglas  County, — Lakes  Agnes  and  Winona  border  on 
the  village  and  drain  to  Long  Prairie  River.  Water  supply  is  derived 
from  a  dug  well  in  town,  30  feet  deep  by  20  feet  diameter,  sunk  in 
gravel.  The  surroundings  of  the  well  are  extremely  imsanitary. 
Ice  supply  is  taken  from  Lake  Henry  and  Lake  Latoka.  A  storm 
sewer  enters  Lake  Agne^,  as  well  as  one  or  two  private  sewers,  though 
there  is  no  public  sanitary  sewerage.  Garbage  is  hauled  outside  the 
city  hmits. 

Anoka,  Aitkin  County. — On  Mississippi  River  at  the  confluence 
with  Rum  River.  Water  supply  is  taken  from  Rum  River  without 
filtration;  ice  supply  from  the  same  source.  A  municipal  sewerage 
system,  both  storm  and  sanitary,  has  recently  been  established;  it  dis- 
charges into  Rum  River  just  above  its  mouth.  Garbage  is  hauled 
outside  the  city  limits  and  burned.  The  First  State  Asylum  for  the 
Insane  (300  inmates)  is  located  less  than  1  mile  above  the  water- 
works intake,  on  the  west  bank  of  the  river.  It  has  a  private  water 
supply  from  shallow  wells  and  a  private  sewerage  system  with  a  sep- 
tic tank  and  intermittent  contact  beds  an(^  sand  filters  discharging 
into  Rum  River  above  waterworks. 

Bemidjij  Beltrami  County. — On  west  shore  of  Lake  Bemidji,  about 
50  miles  below  Lake  Itasca.  Water  supply  is  obtained  from  five 
3  J-inch  points,  driven  106  feet  deep,  on  west  side  of  the  village  at  the 
edge  of  a  swamp  partially  filled  in  with  manure.  Ice  supply  is  taken 
from  Lake  Bemidji.  Two  private  sewers,  one  from  Markham  Hotel 
and  one  from  the  hospital,  enter  Lake  Bemidji  in  front  of  town.  A 
public  system  has  not  yet  been  constructed,  though  a  septic  tank 
discharging  into  Mississippi  River  before  its  entrance  into  Lake 
Bemidji  is  contemplated.     Garbage  is  hauled  away  and  burned. 

Brainerd,  Crow  Wing  County. — On  Mississippi  River,  11  miles  above 
the  entrance  of  Crow  Wing  River.  Water  supply  is  derived  from 
Mississippi  River  in  frcmt  of  the  city,  about  1  mile  below  a  ground- 
wood  pulp  mill.  Two  Jewell  pressure  filters  are  installed,  but  their 
capacity  is  not  equal  to  the  daily  consumption  and  they  are  seldom 
used.  The  supply  is  subject  to  evident  pollution  from  houses  and 
industrial  plants  above  it.  Much  of  the  drinking  water  consumed  in 
town  is  obtained  from  a  flowing  well  about  1  mile  from  town,  the 
water  being  peddled  in  carts.  Ice  supply  is  obtained  from  Rice  Lake, 
above  cHy.  I^ss  than  half  the  city  is  equipped  with  sanitary  sewer- 
age.    On  one  of  the  main  sewers  purification  has  been  attempted  by 
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means  of  a  long  wooden  box  with  baffle  boards  at  each  end.  No 
test  has  been  made  of  its  efficiency.  The  other  sewers  discharge 
raw  sewage.  Garbage  is  hauled  to  dumping  ground  outside  the  city 
limits. 

Buffalo,  Wright  County. — On  Buffalo  Lake,  which  is  connected  with 
the  north  branch  of  Crow  River.  It  has  no  waterworks  or  sewerage. 
Ice  supply  is  obtained  from  Buffalo  Lake.  Garbage  is  hauled  to  the 
dumping  ground  and  covered  with  dirt. 

Cambridge,  Isanti  County, — On  Rum  River,  30  miles  below  Prince- 
ton. Water  supply  is  derived  from  a  well  140  feet  deep  by  8  inches 
diameter,  which  draws  water  from  a  sandstone  struck  at  115  feet. 
Ice  supply  is  obtained  from  Lake  Fanny.  No  sewerage.  Garbage 
is  hauled  outside  city  limits. 

Cass  Lake,  Cass  County. — On  west  shore  of  Cass  Lake,  near  foot  of 
Pike  Bay.  Water  supply  is  obtained  from  4  wells  driven  28  feet  in 
sand  to  clay.  They  have  unsanitary  surroundings  and  show  evi- 
dence of  pollution.  Ice  supply  is  taken  from  Cass  Lake.  A  sanitary 
sewerage  system  discharges  into  a  creek  entering  Pike  Bay. 

Cokato,  Wright  County. — Drainage  goes  to  a  marsh  that  is  ditched 
to  Sucker  Creek.  No  waterworks  or  sewerage.  Ice  supply  obtained 
from  Brooks  Lake. 

Deer  River,  Itasca  County. — One  mile  north  of  Mississippi  River  on 
Deer  River.  Water  supply  obtained  from  a  flowing  well  96  feet  deep, 
with  a  3-inch  casing,  driven  through  sand,  quicksand,  and  blue  clay 
into  water-bearing  gravel.     No  sewerage. 

Ddano,  Wright  County. — On  the  south  branch  of  Crow  River.  Water 
8up[Jy  obtained  from  the  river;  used  only  for  fire  protection  and  for 
sprinkling,  and  not  filtered.  Ice  supply  cut  from  Lake  Rebecca. 
Garbage  burned.     No  sewerage. 

EQc  River  J  Sherburne  County. — On  Elk  River  at  its  junction  with 
Mississippi  River.  No  waterworks  or  sewerage.  Drinking  water  is 
generally  obtained  from  private  artesian  and  driven  wells ;  ice  supply 
from  both  rivers.     Garbage  is  burned  or  hauled  out  in  the  country. 

Excelsior,  Hennepin  County. — On  Lake  Minnetonka.  Chiefly  a 
summer  resort  and  has  but  small  constant  population.  No  water- 
works or  sewerage.  About  5,000  tons  of  ice  are  harvested  on  the  lake 
for  local  use  and  for  shipment  to  Minneapolis.  There  is  no  public 
garbage  disposal. 

Fort  SmUing,  Hennepin  County. — ^A  military  reservation  with 
accommodations  for  about  1,500  men  on  west  bank  of  Mississippi 
River  at  its  confluence  with  Minnesota  River.  Water  for  general  use 
is  obtained  from  a  10-inch  artesian  well  636  feet  deep  drawing  its  sup- 
ply from  the  sandstone.  Separate  storm  and  sanitary  sewerage 
systems  discharge  into  both  rivers.  The  ice  supply  is  cut  on  Minne- 
sota River  just  above  the  post. 
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Glencoe,     McLeod    County. — On    Buffalo    Creek.     Water    sup] 
obtained  from  one  8-inch  well  drilled  1,728  feet  deep,  drawing  if  t 
supply  from  sand  rock.     Ice  supply  is  taken  from  an  artificial 
fed  by  artesian  wells  and  connected  with  the  creek  most  of  the  y 
No  sewerage.     No  regular  garbage  disposal. 

Grand  Rapids,  Itasca  County. — On  Mississippi  River  just  beloi 
Pokegama  Falls.  Water  supply  is  taken  without  filtration  from  Hil 
Lake,  which  may  perhaps  receive  surface  drainage  from  seven 
dwellings  and  farms.  Ice  supply  is  cut  from  Forest  Lake,  1  mile  wca 
of  the  village.  Sewerage  system  discharges  into  a  small  creek,  then 
into  the  river.     Garbage  is  hauled  to  dumping  ground. 

Grove  aty.  Meeker  County. — Is  connected  with  Crow  River  by 
slough  north  of  town.     Water  supply  is  obtained  from  an  8-inch  wi 
sunk  740  feet  deep ;  ice  supply  from  a  small  lake  3  miles  north  of  town 
No  sewerage. 

Hector,  RenDiUe  County. — Drained  by  a  county  ditch  to  the  soul 
fork  of  Crow  River.  Water  supply  obtained  from  an  8-inch  drilk 
well  420  feet  deep;  ice  supply  from  an  artificial  pond  fed  by  wek 
Storm  sewerage,  but  no  sanitary  system  has  been  established. 

Hutchinson,  McLeod  County. — On  South  Fork  (locally  called  H» 
san  River)  of  Crow  River,  near  Otter  Lake.  Water  supply  is  obtaine 
from  an  artesian  well  10  inches  diameter,  driven  60  feet  to  rock,  ths 
drilled  100  feet;  ice  supply  from  Crow  River  above  city  drainage,  i 
sanitary  sewerage  system  empties  into  Crow  River.  Garbage  n 
dumped  into  a  pit  outside  the  city  limits. 

Litchfield,  Meeker  County. — Drains  to  Jewett  Creek,  the  outlet  ti 
Lake  Ripley,  which  enters  north  branch  of  Crow  River.  Water  sup- 
ply is  obtained  from  2-inch  wells  driven  42  feet  in  the  drift;  ice  siipfJr 
from  Lake  Ripley.     No  sewerage.     No  regular  garbage  disposal 

Little    Falls,    Morrison    County. — On   Mississippi   River,    38  mite 
above  St.  Cloud.     Water  supply  is  procured  from  Mississippi  Rivtf 
without  filtration;  ice  supply  from  the  river  opposite  the  city.     Sani-I 
tary  sewage  is  discharged  into  Mississippi  River.     Garbage  is  hauW] 
outside  city  limits  to  dumping  ground. 

Lony  Prairie,  Todd  Covnty. — On  Long  Prairie  River.  Wat^sr  sup- 
ply is  obtained  from  two  dug  wells,  one  12  feet  in  diameter  by  20  feet 
deep,  the  other  30  feet  in  diameter  by  40  feet  deep.  Ice  supply  is  cut 
from  Lake  Charlotte,  south  of  the  village.  Xo  sewerage.  Garbage  is 
generally  dumped  in  hollows  and  covered  with  dirt. 

Melrose,  Stearns  Countif. — On  vSaiik  River,  20  miles  below  Sauk 
Center.  Water  supply  for  fire  protection  only  is  taken  from  Sauk 
River.  Drinking  water  is  procured  from  ]^rivate  driven  or  Am^ 
wells;  ice  supply  from  Sauk  River,  above  the  dam.  No  sewerage. 
Garbage  is  hauled  outride  the  city  limits. 
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Milaca,  MUlelacs  County. — On  Rum  River,  15  miles  above  Prince- 
ton. Water  supply  for  fire  protection  only  is  obtained  from  Rum 
River;  ice  supply  from  Rum  River.  A  combined  sewerage  system 
empties  into  Rum  River  below  the  village.  Garbage  is  hauled  to  the 
village  dumping  ground. 

Minneapolis^  Uenne/pin  County, — On  both  sides  of  Mississippi 
River,  about  9  miles  above  its  confluence  with  Minnesota  River.  The 
city  water  supply  is  taken  unfiltered  from  Mississippi  River  by  four 
intakes:  (a)  north  station,  at  Camden  Park,  near  the  upper  city 
limits;  (&)  northeast  station,  at  foot  of  Thirty-seventh  avenue  NE., 
before  the  river  enters  the  city;  (c)  east-side  station,  and  (d)  west- 
side  station,  in  the  heart  of  the  city,  below  several  sewers.  The  lower 
stations  have  been  closed  by  the  water  board.  The  present  supply 
has  been  repeatedly  condemned  by  sanitary  experts,  who  recommend 
filtration.  The  city  ice  supply,  amounting  to  more  than  150,000  tons 
annually,  is  cut  from  all  the  numerous  lakes  in  Hennepin  County, 
among  which  are  lakes  AmeHa,  Big,  Calhoun,  Cedar,  Clearwater, 
Cr^^stal,  Twin,  and  Waconia.  Storm  and  sanitary  sewerage  systems 
extend  throughout  the  greater  part  of  the  city,  discharging  into  Miss- 
issippi River  by  several  outlets.  Privies  and  cesspools,  which  must 
have  water-tight  vaults,  are  permitted  only  where  there  is  no  access  to 
sewers.  Garbage  is  burned  at  a  crematory  owned  and  operated  by 
the  city. 

MonticeUoy  Wright  County. — On  Mississippi  River,  26  miles  above 
the  mouth  of  Rum  River.  Water  supply  is  obtained  from  an  arte- 
sian well  8  inches  in  diameter  by  237  feet  deep  in  the  drift;  ice  supply 
from  First  Lake,  west  of  the  village,  and  from  the  river.  No  sewerage 
system  or  regular  garbage  disposal. 

New  London,  Kandiyohi  County. — On  Middle  Fork  of  Crow  River. 
Waterworks  for  fire  protection  only.  No  sewerage;  ice  supply  from 
lakes  Green  and  Andrew  and  from  the  river. 

Osaki^y  Douglas  and  Todd  counties. — At  the  south  end  of  Lake 
Osakis.  Water  supply  for  fire  protection  and  for  sprinkling  is  taken 
from  the  lake;  drinking  water  is  commonly  taken  from  shallow  driven 
wells.  Ice  supply  is  cut  from  Lake  Osakis.  Limited  storm  sewerage 
is  established. 

ParJc  Rapids,  Hubhard  County. — On  Fishhook  River,  about  2  miles 
below  Fishhook  Lake.  Water  supply  and  ice  supply  are  both  taken 
from  the  river.  The  \nllage  water  is  little  used  for  domestic  purposes. 
No  sewerage.     Garbage  is  hauled  to  the  public  dumping  ground. 

Paymsmlle,    Steams    County. — On    North    Fork    of   Crow    River. 
Water  supply  is  obtained  from  four  3-inch  wells  driven  80  feet  in  the 
drift;  ice  supply  from  Tiake  Koronis  south  of  town.     No  sewerage. 
Garbage  is  dumped  on  coiiveniont  vacant  property. 
IRB  19:^-07 5 
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Princeton,  MiUelaca  County, — On  Rum  River  about  100  miles  above 
its  mouth.  Water  supply  is  taken  from  one  tubular  well,  8  inches 
diameter  by  187  feet  deep,  in  the  drift;  ice  supply  from  Rum  River. 
No  sewerage. 

RoyaUon,  Morrison  County, — On  Platte  River,  7  miles  above  its  con- 
fluence with  Mississippi  River.  Ice  is  cut  from  the  river.  Garbage 
is  carted  to  the  village  dumping  ground.  No  waterworks  or  sewerage 
system. 

St  Cloud,  Benton,  Sherburne,  and  Steams  couniies. — On  Mississippi 
River  76  miles  above  Minneapolis  and  2  miles  below  the  entrance  of 
Sauk  River.  Water  supply  is  taken  without  filtration  from  Missis- 
sippi River  near  the  upper  edge  of  the  city.  It  is  grossly  pK>llut^ 
and  has  been  pronounced  unsafe  by  the  State  board  of  health.  The 
part  of  the  city  on  the  west  bank  of  the  river  discharges  sewage  into 
the  river  by  5  main  sewers,  both  storm  and  sanitary.  East  St.  Cloud 
is  not  sewered.  The  Minnesota  State  Reformatory,  with  about  200 
inmates,  is  just  below  the  city,  on  the  east  bank  of  the  river.  Its 
water  supply  is  taken  from  4  shallow  wells  in  an  old  river  bottom  east 
of  the  reformatory  grounds.  The  buildings  are  completely  equipped 
with  sewerage,  which  discharges  into  Mississippi  River. 

St.  Louis  Parle,  Hennepin  County, — A  suburb  of  Minneapolis,  situ- 
ated on  Minnehaha  Creek.  The  ice  supply  is  cut  from  the  creek  and 
from  Lake  Calhoun.  No  waterworks,  sewerage,  or  systematic  garbage 
disposal. 

Sauk  Center,  Steams  County. — On  Sauk  River.  Water  supply  is 
derived  from  Sauk  River  just  above  the  mill  dam,  opposite  the  city, 
without  filtration.  It  is  little  used  for  domestic  purposes.  Tlie  ice 
supply  is  taken  from  the  river  above  the  city.  Sanitary  sewerage 
discharging  into  Sauk  River  is  established.  Garbage  is  hauled  out- 
side the  city  limits  and  dimiped. 

Sauk  Rainds,  Benton  County. — On  Mississippi  River,  opposite  the 
confluence  of  Sauk  River,  2  miles  above  St.  Cloud.  Ice  is  cut  from 
Mississippi  River.  No  waten^orks  or  sewerage.  Garbage  is  gene^ 
ally  hauled  away  by  farmers. 

Staples,  Todd  County. — Connected  by  a  small  creek  with  Crow  Wing 
River.  The  ice  supply  is  from  Dower  Lake,  2  miles  west  of  the  viUage. 
Garbage  is  taken  to  high  sandy  ground  2  miles  east  of  town.  No 
waterworks  or  sewerage. 

Wadena,  Wadeim  County. — On  Union  Creek  2  miles  south  of  Leaf 
River.  Water  supply  is  obtained  from  a  well,  22  feet  deep  by  20  feet 
in  diameter,  in  the  center  of  the  village.  Ice  supply  is  cut  from  Union 
Creek  and  from  I^i^af  River.  No  sew^erage.  Garbage  is  hauled  to  the 
public  (lumping  ground. 

WaJk'e7%  Cass  County. — On  the  west  shore  of  I^eech  Lake.  Water 
and  ice  supplies  are  taken  from  the  lake  in  front  of  the  towTi.  The 
water  is  not  filtered.     No  sewerage  is  established.     Garbage  is  burned 
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West  Minneapolis  (Hopkins)  y  Hennepin  County. — ^A  short  distance 
southwest  of  Minneapolis.  Drains  to  Minnehaha  Creek.  Water  for 
fire  protection  only  is  furnished  by  the  Minneapolis  Threshing  Machine 
Company  from  an  8-inch  well  600  feet  deep.  Ice  is  cut  on  Shady  Oak 
Lake.  No  sewerage.  Garbage  is  usually  hauled  away  by  market 
gardeners. 

White  Bear  Lake,  Ramsey  County, — On  the  west  shore  of  White 
Bear  Lake,  which  discharges  through  a  chain  of  lakes  and  Rice  Creek 
into  Mississippi  River.  It  is  a  summer  resort  with  a  comparatively 
small  permanent  population.  A  10-inch  well  for  a  village  supply  has 
been  recently  put  down.  No  sewerage.  Garbage  is  hauled  outside 
the  village  limits  and  dumped. 

MINNESOTA  RIVER  BASIX. 

GENERAL   DESCRIPTION. 

Boundaries, — The  basin  lies  across  the  southern  third  of  Minnesota 
and  includes  also  small  portions  of  Iowa  and  South  Dakota.  It  is 
bounded  on  the  north  by  upper  Mississippi  and  Red  River  drainage 
areas;  on  the  east  by  lower  Mississippi  area  and  the  basin  of  Cedar 
River;  on  the  south  by  Des  Moines  River  basin,  and  on  the  west  by 
several  small  streams  tributary  to  Missouri  River.     (PL  III.) 

Course  and  slope  of  Minnesota  River, — ^Minnesota  River  rises  on  the 
eastern  slope  of  the  Dakota  foothills  (Coteau  des  Prairies),  in  the 
northeastern  part  of  Marshall  County,  S.  Dak.,  about  30  miles  west 
of  Lake  Traverse,  at  an  approximate  elevation  of  1,896  feet  above 
sea  level  (Nicollet).  It  flows  southeastward  to  the  State  border, 
where  it  falls  rapidly  to  the  level  of  Bigstone  Lake.  The  stream  is  a 
mere  mountain  torrent  in  this  upper  section,  where  the  bed  is  often 
entirely  dry.  Bigstone  Lake  is  about  30  miles  long  and  1  to  2  miles 
wide.  Its  east  and  west  shores  are  well  defined  by  gravel  bluffs  that 
rise  abruptly  150  feet  to  the  level  of  the  surrounding  prairies.  The  lake 
is  narrow  and  shallow,  exceeding  15  feet  in  depth  at  only  a  few  places. 
Pleasxire  craft  and  other  small  steamers  ply  on  the  lake,  and  there  is 
regular  water  communication  between  Ortonville  and  Browns  Valley 
during  the  open  season.  At  its  upper  or  northern  end,  where  Minne- 
sota River  enters,  a  marshy  strip,  not  over  20  feet  high,  stretches  north- 
ward 5  miles  to  the  equally  swampy  southern  extremity  of  Lake  Trav- 
erse, the  headwaters  of  Bois  de  Sioux  River.  At  Ortonville  the  Min- 
nesota River  emerges  from  the  southern  extremity  of  Bigstone  Lake 
and,  after  uniting  with  Whetstone  River,  which  enters  from  the  south, 
flows  southeastward  to  Mankato,  a  distance  of  150  miles.  Though 
there  are  some  stretches  of  still  water  between  Ortonville  and  Man- 
kato, the  river  riffles  over  granitic  rocks  at  several  places  and  is  not 
navigable.     Blue  Earth  River  enters  from  the  south  just  above  Man- 
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kato,  where  the  main  stream  turns  abruptly  and  pursues  a  northeast- 
erly course  to  its  mouth.  The  lower  portion,  which  has  an  avera^^ 
width  of  300  feet,  is  navigable  by  Ught-draft  vessels  for  37  miles  from 
its  mouth  to  Little  Rapids. 

In  the  fu^t  40  miles  of  its  course  the  stream  falls  900  feet,  having  an 
average  slope  of  25.4feetper  mile.  (See  fig.  3.)  After  passing  24  miles 
through  Bigstone  Lake  it  drops,  by  series  of  rapids  alternating  with 
reaches  of  still  water,  to  Little  Rapids,  with  an  average  slope  of  1 .25 
feet  per  mile.     Excluding  the  principal  drop  of  50  feet  in  5  miles  at 


Fio.  3.— Profile  of  Minnesota  Kiver. 

Granite  Falls,  this  section  has  a  grade  of  1.06  feet  j>er  mile.  BeW 
Little  Falls,  after  an  abrupt  descent  of  2  feet,  the  slope  is  less  than  0.1 
foot  per  mile.  If  the  small  stream  above  Bigstone  Lake  is  excluded, 
the  mean  slope  of  Minnesota  River  is  considerably  less  than  that  of 
upper  Mississippi  River. 

Tnhntanes  of  Minnesota  River.  —The  principal  affluents  of  the  Min- 
nesota are  Pomme  de  Terre  Kiver,  Cliippewa  River,  and  Hawk  Greek 
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from  the  north,  and  Whetstone,  Lac  qui  Parle,  Redwood,  Cotton- 
wood, and  Blue  Earth  rivers  from  the  south,  all  of  which  enter  above 
Mankato.  (See  PI.  III.)  The  largest  tributary  is  Blue  Earth  River, 
which  rises  in  Kossuth  County,  Iowa,  and  flows  northward  as  a  mean- 
dering prairie  stream.  It  is  about  60  feet  wide  at  its  mouth  and  2  to 
3  feet  deep  during  ordinary  stages.  Below  the  mouth  of  Blue  Earth 
River  near  Mankato  the  Minnesota  drains  a  comparatively  narrow 
area,  its  tributaries  being  small  and  insignificant.  Around  the  head- 
waters of  Pomme  de  Terre  and  Chippewa  rivers  there  are  many  lakes, 
and  throughout  the  entire  valley  there  are  small  bodies  of  water  that 
lie  in  shallow  depressions  of  the  drift  and  are  fast  being  eUminated  by 
silting,  artificial  drainage,  and  other  factors. 

Topography, — The  Coteau  des  Prairies,  in  the  southeastern  part  of 
the  area,  slopes  rather  steeply  and  evenly  to  the  plain  forming  the 
valley  of  the  Minnesota.  Except  for  this  feature  the  entire  region  is 
a  rolling  prairie  crossed  by  the  deep,  wide  bed  of  the  river.  Formerly 
some  limibering  was  done  in  the  extreme  northern  part,  but  now  the 
forests  are  gone.  On  account  of  the  absence  of  woods  and  of  large 
lakes  capable  of  retaining  flood  waters,  the  streams  rise  rapidly  after 
rains  or  thaws  and  become  very  turbid,  for  they  easily  disintegrate 
the  unprotected  clayey  gravels  along  their  banks. 

Geology. — Gneisses,  schists,  and  granites  are  exposed  along  the 
deeply  eroded  valley  of  the  river  from  New  Ulm  to  Lac  qui  Parle. 
Red  quartzite  is  foimd  in  the  southern  part  of  the  valley,  through 
Cottonwood,  Watonwan,  and  Jackson  counties.  Limestones,  shales, 
and  sandstones  of  Cambrian  and  Ordovician  age  reach  as  far  west  as 
the  valley  of  Blue  Earth  River  and  occupy  the  eastern  part  of  Minne- 
sota Valley.  The  most  widespread  deposits,  however,  are  the  Cre- 
taceous rocks,  which  extend  eastward  from  the  Dakotas  and  cover 
about  two-thirds  of  the  basin,  including  all  of  its  western  part  except 
some  small  areas,  in  which  there  are  exposures  of  earlier  rocks.  These 
extensive  deposits  and  the  many  scattered  Cretaceous  beds  found  in 
the  eastern  section  of  the  valley  have  undoubtedly  a  modifying  influ- 
ence on  the  composition  of  the  drift  and  consequently  on  the  drainage. 
The  more  or  less  stratified  materials  of  the  Pleistocene  overlie  the 
earlier  rocks  throughout  the  entire  region. 

When  Lake  Agassiz,  a  glacial  lake,  occupied  the  valley  of  Red  River 
its  outlet,  to  which  the  name  Warren  River  has  been  given,  extended 
through  the  valley  in  which  Traverse  and  Big  Stone  lakes  and  Min- 
nesota River  are  now  situated.  This  river  cut  a  channel  150  to  200 
feet  deep  and  from  1  to  2  miles  wide  across  the  valley.  Before  Lake 
Agassiz  was  formed  a  body  of  water  gathered  in  this  basin  at  the 
margin  of  the  receding  ice  sheet,  extending  from  Big  Stone  Lake  to 
Waseca  and  comprising  an  area  of  more  than  3,000  square  miles. 
TTiis  great  lake,  which  has  been  called  Lake  Minnesota,  found  an  out- 
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let  southward  through  Blue  Earth  River  to  Des  Moines  River.**  Lacus- 
trine gravels,  sands,  and  clays,  having  a  thickness  of  more  than  100 
feet  in  some  places  in  the  central  part  of  the  valley,  testify  to  the 
existence  of  this  prehistoric  lake. 

Soil  and  subsoil, — ^The  top  layers  of  the  drift  in  this  region  differ 
distinctly  from  those  of  upper  Mississippi  Valley  in  their  content  of 
certain  mineral  constituents.  The  following  table  gives  the  average 
composition  of  soils  in  Minnesota  Valley  as  computed  from  analyses 
made  by  the  Minnesota  agricultural  experiment  station: 

Table  31. — Chemical  composition  of  soil  and  subsoU  in  Minnesota. 


Insoluble  in  HCl 

VolatUe 

Potassium  oxide  ( KjO) 

Sodium  oxide  ( NaiO ) 

Calcium  oxide  (CaO) 

Magnesium  oxide  (MgO) 

Oxides  of  iron  and  aluminum  (FesOa+ AlsOs) . 

Phosphoric  anhydride  (PjOi) 

Sulphuric  anhydride  (SO.) 

Can>onic  anhydride  (COj) 


Surface  soil. 

SubsoiL 

Minnesota 
River 
basin. 

Entire 
State.a 

MinneaoU' 
River 
basin.      : 

EnttTP 
8Ute.« 

76.66 

79.92 

76.77 

82.41 

9.76 

8.98 

6.10 

5.33 

.39 

.43 

.38  ; 

.« 

.25 

.45 

.30 

.32 

1.43 

1.29 

6.64 

1.78 

.80 

.61 

.55 

.90 

7.87 

7.20 

&80  1 

8.32 

.22 

.20 

^                -20 

.17 

.13 

.10 

.08 

.06 

.75 

.62 

1.36 

.93 

a  Snyder,  IL,  Characteristic  features  of  Minnesota  soils:  Bull.  65,  Agr.  Exp.  Sta.,  Univeraty  of 
Minnesota,  Cheni.  DIv.,  Nov.,  1899,  p.  69. 

The  amount  of  sand  is  not  excessive,  the  insoluble  matter  being 
lower  than  in  the  average  soil  in  the  rest  of  the  State.  Nearly  all  of 
the  soluble  constituents  are  present  in  larger  amounts  than  the  aver- 
age, and  the  high  percentage  of  these  is  in  line  with  the  high  percent- 
age of  inorganic  matter  found  generally  in  the  water  of  Minnesota 
River.  In  their  content  of  alkaline  ingredients  the  soils  lie  midway 
between  those  of  upper  Mississippi  Valley  and  those  of  Red  River 
basin.  The  influence  of  the  Cretaceous  deposits  and  the  difference 
in  rainfall  maj''  cause  this  difference  between  the  soils  of  these  regions. 


INDUSTRIAL  POLLUTION. 

The  following  list  gives  the  number  of  establishments  in  this  area 
having  wastas  of  deleterious  nature: 

Table  32. — IndnMrial  establishments  cuustng  stream  pollntion  in  Minnesota  Rtrer  bcurin. 

Breweries 23 

Creameries 45 

Gas  works 2 

Sawmills 6 

Woolen  mill : 1 

a  Uphftra,  Warren,  The  Glacial  Lake  Agassi/.:  Mon.  U.  S.  Oeol.  Sun'ey,  vol.  25,  p.  264. 
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Four  breweries  are  located  at  New  Ulm  and  two  at  Mankato,  the 
total  output  of  all  these  amountmg  to  about  6,000  barrels  per  month. 
Most  of  these  establishments  do  their  own  malting.  Their  wastes, 
consisting  of  washings  from  floors,  barrels,  vats,  etc.,  and  of  slop, 
after  the  brewer's  "grains"  have  been  screened  out,  are  run  into 
Minnesota  River  either  directly  or  through  sewers.  The  other  estab- 
lishments noted  in  the  list  above  are  all  small  and  their  wastes  are 
not  likely  to  be  troublesome  in  the  streams.  Com  and  wheat  raising 
are  the  principal  industries  of  the  district.  Drainage  from  the 
cultivated  lands  contains  generally  more  suspended  and  dissolved 
matter  than  that  from  the  other  lands,  because  the  tilled  soils  are 
lees  compact  and  therefore  more  easily  disintegrated.  In  regions 
where  manure  is  used  more  or  less  organic  matter  reaches  the  streams 
from  the  fields,  especially  during  freshets. 

MUNICIPAL  POLLUTION. 
POPUIJITION. 

Table  33  shows  the  population  by  counties  for  three  successive 
censuses  in  Minnesota  River  drainage  area.  There  are  26  inhabitants 
per  square  mile,  about  the  average  density  of  the  State  (see  Table  34). 
Since  this  region  is  e8s.entially  a  farming  country  the  population  is 
chiefly  in  the  rural  districts  and  is  evenly  distributed  over  the  entire 
area,  except  possibly  a  small  part  above  Ortonville,  which  is  not  now 
open  for  settlement.  This  portion  of  the  State  was  first  to  be  devel- 
oped and,  on  account  of  its  remarkable  fertility,  rose  quickly  to  its 
present  population.  It  is  probable  that  there  will  not  be  a  great 
increase  in  the  future  but  only  the  gradual  growth  incident  to  a  rural 
region. 

Table  33. — Population  in  Minnesota  River  basin. 


County. 

U.S. 
.  census, 
'     1890. 

U.S. 
census,   i 
1900.     ^ 

State 

census, 

1905. 

BlgBtone 

1 
5,214 

7,875 

32,263 

1,000 

19,787 

12,418 

12,499 

800 

7,835 

2.885 

3,300 

7,234 

22,055 

5.779 

4,468 

1.912 

1,304 

10,913 

14,289 

16, 402 

7.173 

14,591 

8.442 

Blue  Earth 

29,210 

31,228 
ol,200 

Brookings,  8,  Dak 

800 

Brown,  r.. 

15,817 

20.523 

drrer...  .                 .   .. 

11,758 

12  504 

Chippewa 

8,555 

13,356 

Codmfton,  8.  Dak 

700 

1900 

Cottonwood 

• 

5,012 

8.280 

DakoU 

2,872 

3,172 

Dwel,  S.  Dak 

2,200 

0  4,000 

DootUm 

0.008 

7,382 

ftrtbault 

10. 708 

20.448 

Frwboro 

4,885 

5,592 

Onuit..                       

3.438 

4,820 

Hennepin 

1.728 

2,087 

jSlST 

820 

1,,300 

Kandiyohi 

7.911 

11.82<i 

^  qni  Parle 

10.  .382 

15,182 

Utnear 

15.(i67 

16.  479 

UBcdn 

4,552 

7,990 

Lyon..:.:;::::::;:::::. 

1        9,501 

16,171 
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Table  33. — Poptdation  in  Minnesota  River  barni-  Continued. 


County. 


Martin 

McLeod 

Grant,  8.  Dak 

Murray 

Nicollet 

Ottertall 

Pipestone 

Pope j»... 

Redwood 

RenvlUe 

Rice 

Ro»»ert8,  S.  Dak... 

Scott 

Sibley 

Steele 

Stevens 

Swift 

Traverse 

Waseca 

Watonwan 

Yellow  Medicine... 

Kossuth,  Iowa 

Wlnnelia^o.  Iowa. 


,X. 


US. 

census, 

1890. 


U.  8.         SUte 

census,     censoi. 

1900.  1906^ 


7,761 

2,432 

0,814 

631 

13,382 
3,878 
100 
8,151 
9,386 

12,993 

182 

1,200 

13,831 

15,199 
1,411 
4,454 

10,161 
498 

11,663 
7,746 
9,854 
2,763 
2.143 


14,157 
2,800 
9,103 
1,103 
14,774 
4,946 
323 
10,288 
17,261 
18,281 
249 
8,000 
15,147 
16,862 
1,602 
7,366 
13,503 
721 
13,027 
11,496 
14.602 
4,952 
3.655 


14,661 

2.756 

all.OOO 

1,0» 

H994 

5,210 

323 

11.0J5 

19,034 

18,336 

304 

a  11,000 

15,094 

16, 3M 

1,609 

7,773 

13,575 

902 

12,0&5 

11,  «M 

15,8* 

4,7» 

3.460 


Total 310.371  ,    411.060. 

_  !  I 

«  Estimated. 
Table  34. — Density  of  population  in  Minnesota  River  hagin. 


425, 5» 


.Drainage 
area. 


Inhabitants  persquarp 
mile. 


1890.       1900.        1905. 


Sq.  milfs.  ' 
al,232  I 


I. 


Al>ove  Ortonville. . . , 

Al>ove  Mankato: 

Entire  area \     tx'i  4nr\^i 

Kxcludlng  chief  wttlements f        w,  lou  ^ 

AlH>ve  Mississippi  Hlver:  | 

Kntlrean'H 

Kxcludlng  chief  settlements 


f  16, 350 


2.9 


1&6 
14.3 


19.0 
15.7 


8.1  , 

23.6  1 
19.6 

25.1   , 

2a4 


218 
2a8 


26.0 
21.4 


n  Ann.  Kept.  Thief  of  Engineers.  V.  S.  Arm  v.  1898.  p.  1838. 

t>  Water-Sup.  and  Irr.  Paper  No.  130.  V.  S.  Geol.  Sur\ev,  1905.  p.  53. 

*•  Ann.  Hopt.  (Milof  of  KnKinwrs,  IT.  S.  Army.  1894.  pt.  1  p.  1704. 


CONDITIONS   ON    THE    MINNESOTA. 


(renrral  comJifion.^, — The  drainage  and  general  hydrography  of  the 
valley  are  exhibited  in  PI.  Ill,  which  shows  also  the  location  and  the 
relation  of  all  settlements  having  a  population  exceeding  1,000  accord- 
ing to  the  census  of  1900.  A  vertical  bar  within  the  population  circle 
indicates  that  a  municipality  has  a  public  sewerage  system.  Unlike 
tluv^e  of  the  upper  Mississippi  Valley,  many  of  the  centers  of  popula- 
tion are  remote  from  ninning  water.  It  doCvS  not  follow  from  this* 
however,  that  the  streams  thus  escape  pollution.  The  general  dis- 
tribution of  both  city  and  rural  population  all  over  the  area  is  suffi- 
cient to  render  any  surface  water  within  it  unsafe. 

(^Viii'ftotts  iit  Orfonvilh .  An>und  the  headwaters  of  the  river  above 
Ortonville  the  iH)pulatit>n  is  loss  den>e  than  in  any  other  part  of  the 
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basin.    Sisseton  and  Browns  Valley,  the  only  settlements  in  this 
district,  are  both  small.     There  is  little  pollution  in  this  region. 

Conditions  at  ManJcato. — Over  three-fourths  of  the  Minnesota  basin 
lies  above  Mankato.  It  is  farming  land,  on  which  wheat  and  com  are 
the  principal  crops.  One  of  the  most  noticeable  features  of  this 
r^on  is  the  number  of  small  settlements  distributed  over  it.  New 
Ulm,  the  second  city  in  size,  is  located  on  the  river,  a  httle  over  20 
miles  above  Mankato.  The  presence  of  this  large  place  is  sufficient 
to  condemn  the  water  of  Minnesota  River  for  domestic  use  at  Man- 
kato without  filtration.  The  stream  is  often  so  muddy  after  heavy 
rains  and  thaws  that  the  use  of  the  raw  water  at  such  times  is  unde- 
sirable. The  chief  sources  of  stream  pollution  are  given  in  the  follow- 
ing table: 

Table  35. — Pnnnpal  settlements  in  Minnesota  River  basin  above  MankcUo. 


Stream. 

Distance 
above 
Man- 
kato.a 

1 
1890. 

Population 
1900. 

Name. 

1905. 

Appletoo 

Pomme  de  Terre  River 

Chippewa  River 

Blue  Earth  River 

^fiUs. 
133 
138 
71 
161 

m 

178 
87 
45 
15 
30 
146 
27 
106 
161 
103 
168 
22 
149 
63 
81 
43 
38 
116 
92 
51 
51 
131 
66 

994 

877 
1,569 

470 
1,205 

627 

1,184 
1,525 
2,900 
1,100 
3,040 
1,116 
1,214 
1,254 
1,215 
1,272 
1,336 
1,008 
2,088 
1,426 
2,146 
1,934 
5,403 
1,247 
1,661 
1,075 
2,607 
2,046 
1,511 
1,911 
3,103 
2,017 
3,409 
1,816 

1,321 

Bmson 

1,766 

Blw  Earth 

2,364 

CAUby 

Canhy  Creek 

1.505 

Fainooot 

Liftke  Qeorge 

2,955 

Oirawood 

1,718 

Oraaite  Falls                    

Minnesota  River 

1,340 

Jinesrille 

LakeElyslan 

Cry sUI  Lake 

Watonwan  River 

92i 

824 

852 

625 

607 

1,203 

1,207 

1,437 

1,266 

3,741 

768 

1.238 

413 

939 

1,613 

716 

1,400 

2,482 

1,208 

1,825 

1.108 

1,205 

UkeCryfUJ 

1,231 

Midelu  !T... 

1,290 

Midbon....                      

1,604 

lUplrton 

Little  Cob  River 

938 

luSSSl...                         

Redwood  River 

2,243 

Milhtnk,  8.  Dak 

Whetstone  River 

Ifont^vldeo.-.               

Chippewa  River 

2,595 

Morrtj : 

.i 

2,003 

NnrUbn..  ..               

Minnesota  River 

5,720 

OnooTflle 

do 

1,612 

Redwood  Falls 

Redwood  River 

1,806 

Raville 

Sacred  Heart  Creek     .   .  . 

1.229 

fitJtmw..                        

St.  James  Lake 

2,320 

WawtiV. 

81  wpy  Eye  Creek-             ..  . 

2,312 

Cottonwood  River 

1,546 

Branch  of  Cottonwood  River 
Clear  Lake 

2,015 
2,838 

WeOs 

1,814 

Wflliiir..                       

HawkCn^k 

4,040 

^iuipbafo 

1,553 

Total  arhan  population.. 

32,035 

53,564 

54,883 

«  Mankato  is  119  miles  from  the  mouth  of  the  river. 

Conditions  at  mouth  of  river. — Minnesota  River  below  Mankato  is 
not  used  for  any  purposes  other  than  navigation  and  ice  harvesting. 
The  following  list  of  settlements  in  its  basin  gives  their  distances  above 
the  mouth  of  the  river  and  their  population.  Many  of  these  places 
have  reached  their  maximum  size,  and  some  of  them  are  even  now  on 
*  decline,  due  to  the  inevitable  reaction  caused  by  a  rush  of  pioneers 
^*)  cheaper  lands.  This  decline  will  probably  be  followed  by  a  slower 
wrf  more  permanent  growth,  as  has  been  the  case  with  similar  towns 
m  the  older  Central  States. 
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Table  36. — Principal  settlements  in  Minnesota  River  basin  above  Mississippi  Rvxr. 


Name. 

Stream. 

Distance 
above 
mouth. 

Population. 

1890. 

1900. 

im 

Settlements    above    Mankato 
(see  Table  35,  p.  71) 

• 

MUes, 

32,035 
814 
2,210 
1,233 
1,763 
8,838 
955 
3,671 
i;7S7 

53,564 
1,121 
2,165 
1,270 
1,937 

10.500 
1,228 
4,302 
2,047 

stm 

Belle  Plaine 

Minnesota  River 

52 
30 
40 
82 
119 
55 
97 
26 

1.301 

Chaaka 

do 

2,085 

Jordan 

Sand  Creek 

l.IU 

Le  Sueur 

Minnesota  River 

l.SC 

Mankato 

do 

10.996 

New  Prague 

1,41S 

St.  Peter 

Minnesota  River 

4,514 

8hakox)ee 

do 

Jw 

Total 

53,276 

78,233 

8D,CD 

TYPHOID   FEVER. 

Though  typhoid  fever  is  prevalent  in  Minnesota  River  Valley,  no 
regular  report  of  it  has  been  made,  so  that  detailed  statistics  can  not 
be  given.  Mankato,  New  Ulm,  Montevideo,  and  Ortonville  all  have 
had  undesirable  records  of  typhoid  fever.  Although  there  have  been 
no  extensive  outbreaks,  a  number  of  cases  are  distributed  over  the 
area  every  year.  Surface  water  is  not  extensively  used  for  domestic 
supply,  so  that  the  spread  of  the  fever  is  probably  not  due  to  infected 
streams.  Many  cases  of  the  disease  have  been  traced  to  the  use  of 
water  from  infected  wells.  Since  modem  improvements  have  not  been 
adopted  with  extreme  thoroughness,  large  sections  of  the  principal 
cities  are  still  unconnected  with  sewers,  and  the  inhabitants  have  a 
general  disinclination  to  abandon  their  private  wells  for  mxmicipal 
supplies.  Consequently  many  driven  or  dug  drift  wells  in  close  prox- 
imity to  cesspools,  privy  vaults,  and  other  foci  of  pollution  are  still 
in  existence,  and  the  use  of  water  from  these  wells  no  doubt  propa- 
gates this  preventable  disease.  Typhoid  fever  will  be  eradicated  only 
when  the  people  generally  are  convinced  that  shallow  wells  in  cities 
are  as  a  rule  unsafe  sources  of  drinking  water  and  offer  mu6h  chance 
for  the  dissemination  of  specific  diseases. 

QUALITY    OF   WATER. 

At  the  beginning  of  the  work  points  were  selected  for  the  collection 
of  samples  above  and  below  the  principal  settlements  on  the  main 
stream  and  on  Redwood  River.  Series  I  in  Table  37  was  collected 
during  January  and  February,  1904,  when  the  river  was  completely 
frozen  and  fluctuated  little  in  its  discharge.  Series  11  was  collected 
during  the  next  winter  under  similar  circumstances.  Series  III  was 
collected  when  the  ice  was  going  out  and,  unfortunately,  shows  the 
stream  under  varied  conditions  at  different  points.  The  sample  from 
Big  Stone  Lake  was  taken  through  the  ice,  just  before  the  spring  thaw. 
The  samples  at  Granite  Falls,  New  Ulm,  and  Redwood  Falls  were 
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^s^ken  while  the  ice  was  breaking  up  and  probably  show  considerable 
<lilution  of  the  characteristic  run-off.  When  the  samples  at  Mankato 
-wv^ere  taken  the  river  was  in  decided  flood  condition,  standing  some- 
^^v^Lat  over  4  feet  above  its  winter  level,  and  rapidly  rising.  The  sam- 
.j|>le  from  Fort  Snelling  was  also  taken  near  the  crest  of  a  flood  after 
:"d:&e  ice  had  left  the  lower  river. 

Tlie  stream  carries  a  noticeable  quantity  of  organic  matter,  as 
«^vinced    by    the    nitrogen    determinations.     Albuminoid    ammonia 

-  ^Btlmost  invariably  exceeds  0.3  parts  per  million  and  free  ammonia 
5a  likewise  high.     Nitrates  are  found  in  measurable  quantity  and 
Xiitrites  are  present,  especially  during  flood  time.     The  water  has 
^nerally  a  slight  vegetable  odor,  which  during  freshets  is  accom- 
panied or  overshadowed  by  an  earthy  or  a  musty  smell.     Though 

the  water  has  some  color,  which  is,  as  may  be  expected,  highest 
during  floods,  it  is  not  so  high  as  that  of  surface  water  from  regions 
where  swamps  and  forest  are  more  abundant. 

In  mineral  content  the  waters  of  this  region  are  distinctly  different 
from  those  of  upper  Mississippi  Valley.  Chlorine  is  considerably 
higher,  generally  3  to  10  parts  per  million,  and  often  exceeds  the 
latter  amount.  Sulphates  vary  from  70  to  45.0  parts  per  million 
and  are  also  present  in  considerable  quantity  in  other  waters  of  the 
basin,  as  shown  by  Table  38,  which  gives  the  results  of  inorganic 
analyses  of  surface  waters  from  divers  sources.  The  total  residue  is 
high  and  the  amount  soluble  in  alcohol  indicates  the  presence  of  con- 
siderable sodium  and  potassium.  The  inorganic  determinations  in 
these  tables  prove  that  there  is  an  essential  difference  between  the 
prairie  stream  Minnesota  River  and  the  woodland  drainage  of  upper 
Mississippi  Valley.  The  greatest  distinction  is  in  the  amoimts  of 
sodium,  potassium,  and  sulphuric  acid.  Though  the  surface  waters 
•  are  softer  than  those  furnished  by  wells  in  the  region,  they  still  carry 
^   much  mineral  matter  and  prove  troublesome  when  used  in  boilers 

-  in  their  raw  state.  The  river  is  not  so  strongly  mineralized  as  Red 
River,  though  it  is  similar  to  it  in  many  respects. 

The  samples  examined  bacteriologically  contained  excessive  num- 
bers of  bacteria.     B,  coli  communis  was  isolated  in   pure  culture 
;.  from  a  majority  of  the  samples,  a  fact  indicating  the  unfitness  of  the 
-.    water  for  domestic  use  without  filtration.     The  waters  of  the  tribu- 
^    taries,  so  far  as  they  have  been  examined,  are  similar  to  the  water 

-  of  Minnesota  River,  as  might  have  been  expected,  since  they  drain 
regions  that  are  similar  in  geologic  and  economic  conditions.  The 
influence  of  the  Cretaceous  rocks  is  shown  to  some  extent  by  a  differ- 
ence between  the  mineral  content  of  the  waters  in  the  upper  valley 
and  that  of  Minnesota  River  at  Fort  Snelling,  though  the  dilution  is 
not  so  marked  as  in  other  rivers  in  the  State. 
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From  Table  39,  giving  analyses  made  of  water  of  Minnesota  an 
Blue  Earth  rivers  at  Mankato  and  Fort  Snelling,  an  idea  may  be  in 
of  the  variation  in  the  quality  of  the  water  between  winter  and  sud 
mer.     The  inorganic  substances  are  higher  during  the  season  wbe 
the  ri\%r  is  frozen  and  are  supplied  mainly  by  its  underground  floi 
In  the  spring  the  water  exhibits  at  once  its  highest  color  and  turbidin 
and  its  lowest  mineral  content.     Bacteriological  examinations  of  saa 
pies  taken  at  Mankato  prove  the  frequent  presence  of  B,  colim 
munis  in  Minnesota  River  above  the  mouth  of  Blue  Earth  River,  bol 
in  summer  and  in  winter.     This  is  probably  due  to  the  fact  that  Xei 
Ulm,  a  short  distance  above*  Mankato,  discharges  its  sewage  andik 
effluent  from  four  large  breweries  into  the  river.     Fig.  4  is  a  grapki 
representation  of  daily  turbidity  determinations  made  at  ManbJ 
below  the  mouth  of  Blue  Earth  River,  extending  over  a  period 
seventeen  months.     The  gage  heights  at  the  same  point  are  also  git 
for  comparison.      These   curves  show  an  almost  exact  coinciden 
between  the  rise  and  fall  of  turbidity  and  gage  height.      Ordinaiil 
the  river  carries  suspended  matter  equivalent  to  10  to  40  parts  p 
million  of  turbidity,  but  during  the  spring  freshets  this  amount  is  ofti 
increased  to  600  or  800  parts  per  million. 

It  is  evident  that  the  water  of  Minnesota  River  without  filtratia 
is  not  safe  for  municipal  supply.  Its  purification,  however,  would  d^ 
be  very  difficult,  and  the  water  is  more  desirable  for  general  w^  thu 
that  obtained  from  deep  wells,  on  account  of  its  comparative  softne» 
The  following  table  shows  the  average  of  24  analyses  of  Minnesoa 
River,  together  with  the  maximum  and  minimum  observations: 

Table  40. — Sninmaiif  of  quality  of  water  of  Minnesota  River. 
[Parts  por  million.] 


Dptonnination. 


,  Maxlnumi.    Minimum.  I  A>tf»p 


I 


Color 

Odor 

Turbidity 

Chlorine 

Sulphate  radicle. 

Alkalinity 

Total  hardness.. 
Iron. 


Total  residiie 

Soluble  re.sidue 

Free  ammonia 

Albuminoid  ammonia. 

Nitrates 

Nitrites 


17.5 

1.0 

:«:< 

7«i 

:m 

105 

994 

157 

1.0 

Tra«.  1 

933 

364 

3<>5 

55 

.:m 

.024 

.710 

.lOOi 

.75 

.025 

.a-i 

Trace. 

1> 
TtnH 

"*l 
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Fig.  4.— Diagram  showing  relation  of  turbidity  to  gage  height  on  Minnesota  River  at  Mankato. 
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NOTES   ON    MUNICIPALITIES. 

Forty-four  of  the  fifty-two  settlements  described  below  have  und( 
gi'ound  water  supplies,  while  only  two  report  stream  or  lake  water 
their  supply.  Sixteen  towns,  less  than  one-third,  report  the  insUlIi- 
tioii  of  sanitary  sewage  systems.  One  city  reports  that  a  sewage-di- 
posal  plant  is  in  operation.  Privies  and  cesspools  are  common  inil 
of  these  places,  even  where  sewers  have  been  constructed. 

Alden,  Faribault  County. — On  a  small  creek  that  enters  Walntil 
Ijake.  Walnut  Lake  drains  to  the  east  fork  of  Blue  Earth  Riv«f. 
The  \'illage  water  supply  is  derived  from  a  deep  well.     No  sewerap. 

Appleton,  Swift  County. — On  Pomme  de  Terre  River,  3  miles  abon 
its  entrance  into  Minnesota  River.  Water  supply  ordinarily  taka 
from  a  well,  but  there  is  also  connection  with  Pomme  de  Terre  Rivff 
for  use  in  emergencies.  Ice  supply  from  Pomme  de  Terre  River  abow 
the  village.  No  sewerage.  Garbage  is  hauled  to  a  dumping  grouml 
outside  the  village. 

Belle  Plainly  Scott  County. — On  Minne^sota  River  52  miles  above 
mouth.  Water  supply  Ls  obtained  from  a  well  in  the  center  of  tki 
town,  ice  supply  from  small  lakes  near  the  borough.  No  seweragt 
Garbage  is  hauled  away  to  the  dumping  ground. 

BensoUy  Sunft  County. — On  Chippewa  River  40  miles  above  its  con- 
fluence with  Minnesota  River.  Water  supply  is  taken  from  two  wefc 
in  the  village,  ice  supply  from  Chippewa  River  above  village.  A  com- 
bined sewerage  system  discharges  into  Chippewa  River.  Garbages 
dumped  on  the  prairie  2  miles  oast  of  the  village. 

Bird  Island,  RenriJle  County.  -  Drained  by  a  county  ditch  to  ilinne- 
sota  River.  Water  supply  is  derived  from  an  S-inch  tubidar  well2S3 
feet  deep.     No  sewerage.     No  systematic  garbage  disposal. 

Blue  Earth,  Faribault  County.-  -On  Blue  Earth  River,  20  miles alwve 
Winnebago  City.  Water  su])ply  is  obtained  from  two  wells,  one 5 
inclu\s  by  375  feet,  supplied  from  the  St.  Peter  sandstone,  the  other 
inches  by  072  feet,  drawing  from  the  "Jordan  "  sandstone.  Ice  sup- 
ply is  cut  from  Browns  Lake  and  from  Blue  Earth  River.  Sanit«rj 
sewerage,  discharging  into  Blue  Earth  River,  is  installed.  Garba? 
is  hauled  to  the  public  dumping  ground. 

Browns  Valley,  Traverse  County.  -On  the  low  divide  between  Lakes 
Traverse  and  Big  Stone.  Drainage  goes  to  Big  Stone  Lake.  Water 
supply  is  obtained  from  springs  on  the  east  side  of  the  bluffs;  ice  sup- 
ply from  Ijake  Traverse.  No  sewerage.  Garbage  is  hauled  out  d 
town  and  dumped  at  several  points. 

Canby,  Yellow  Medicine  County.  -  On  Canbv  Creek  46  miles  above 
the  mouth  of  Lac  (jui  Parle  Riyer.  lias  a  jniblic  water  sei^vice  for  ft* 
protection  only.  Ice  supply  is  cut  from  Canbv  Creek  east  of  the  city 
No  sewerage.  Garbage  is  taken  to  the  city  dumping  ground  and 
burned. 
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Chaska,  Carver  County. — On  Chaska  Creek  at  its  entrance  into  Min- 
nesota River.  Water  supply,  used  chiefly  for  fire  protection,  is 
obtained  from  an  8-inch  artesian  well  640  feet  deep;  ice  supply  from 
Minnesota  River  above  the  city.  No  sewerage.  Garbage  is  hauled 
out  of  town. 

Elmore,  Faribault  County. — ^Drains  to  Blue  Earth  River.  Water 
supply  is  obtained  from  a  6-inch  drilled  well  300  feet  deep;  ice  supply 
from  a  small  lake  and  from  the  river.  No  sewerage.  Garbage  is 
hauled  one-half-mile  out  of  town  to  a  dumping  ground. 

Fairmont,  Martin  County, — ^Lakes  George  and  Sisseton,  which  drain 
by  Center  Creek  to  Blue  Earth  River,  receive  the  surface  drainage  of 
the  city.  Water  supply  is  taken  from  Lake  Budd,  a  short  distance 
south  of  the  city;  ice  supply  from  Lakes  George  and  Budd.  No  sew- 
erage.   Garbage  is  hauled  to  the  city  dumping  ground. 

GUnwoodj  Pope  County. — On  north  shore  of  Lake  Minnewaska,  from 
which  the  ice  supply  is  taken.  Water  supply  is  obtained  from  springs, 
which  flow  into  a  large  concrete  basin  properly  protected  against  pol- 
lution. A  sanitary  sewerage  system,  equipped  with  a  septic  tank,  is 
installed,  discharging  its  effluent  into  the  lake.  Garbage  is  commonly 
dumped  on  low  ground  and  covered  with  earth. 

Granite  Falls,  Yellow  Medicine  County. — On  Minnesota  River  16 
nules  below  the  mouth  of  Chippewa  River.  The  only  considerable 
water  power  on  the  stream  is  located  at  this  point.  Water  supply  is 
taken  from  Minnesota  River.  The  water  goes  by  a  canal  from  above 
the  dam  to  the  waterworks  plant,  where  it  is  passed  through  a  bed  of 
coarse  gravel  and  sand  into  a  well.  Since  the  well  is  at  the  base  of  a 
high  gravel  bluflF  there  is  probably  a  large  ground  flow  to  the  well. 
Ice  supply  is  cut  from  Minnesota  River  above  the  dam.  No  sewerage. 
Garbage  is  hauled  to  a  dumping  ground  outside  the  city  limits. 

Henderson,  Sibley  County. — On  Minnesota  River  73  miles  above  its 
mouth.  Ice  supply  is  taken  from  a  small  lake  near  the  city.  No  sys- 
tematic garbage  disposal.     No  report  on  waterworks  or  sewerage. 

JanesviRe,  Waseca  County. — At  south  end  and  near  the  outlet  of 
Lake  Elysian,  which  drains  by  Lesueur  River  into  Blue  Earth  River. 
Water  supply  is  obtained  from  a  3-inch  tubular  well  75  feet  deep.  It 
passes  through  61  feet  of  clay  into  sand  and  gravel.  No  sewerage. 
Ice  supply  is  cut  from  Lake  Elysian  2  miles  above  its  outlet.  There 
is  no  public  garbage  disposal,  but  each  resident  takes  care  of  his  own 
household  waste. 

Jordan,  Scott  County, — On  Sand  Creek,  about  7  miles  above  its 
entrance  into  Minnesota  River.  Ice  supply  is  cut  from  Sand  Creek 
above  the  dam.  Garbage  is  hauled  to  the  village  dumping  ground, 
^o  report  on  waterworks  or  sewerage. 

Lake  Benton,  Lincoln  County. — At  south  end  of  Lake  Benton  on 
the  divide.    Water  supply  is  procured  from  a  well;  ice  supply  from 
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Lake  Benton,  northeast  of  town.     No  sewerage.     Garbage  is  hauled 
outside  the  village  to  the  regular  dumping  ground. 

Lake  Orystal,  Blue  Earth  County. — On  shore  of  Crystal  Lake. 
Water  supply,  for  fire  purposes  only,  is  obtained  from  an  8-inch  weB, 
775  feet  deep,  drawing  water  from  the  rock.  Ice  supply  is  cut  from 
Crystal  Lake.  No  sewerage.  Garbage  is  removed  to  the  village 
dumping  ground  and  covered  with  earth. 

Le  SuevTy  Lesueur  County, — On  Minnesota  River,  82  miles  above 
its  mouth.  Water  supply  is  obtained  from  one  8-inch  well,  668  feet 
deep  in  the  rock;  ice  supply  from  Minnesota  River.  Sanitary  sew- 
erage discharges  into  Minnesota  River.  Garbage  is  hauled  to  the 
village  dumping  ground  and  burned. 

Madelia,  Watonvxin  County. — Near  Watonwan  River,  just  below 
the  junction  of  North  and  South  forks.  Water  supply  is  procured 
from  two  6-inch  wells,  each  206  feet  deep;  ice  supply  from  three 
lakes  near  the  village.  Sanitary  sewerage  discharges  into  Watonwan 
River.  Garbage  is  hauled  to  a  dumping  ground  near  Watonwan 
River. 

Madison,  Lac  qui  Parle  County. — ^Five  miles  from  L{W5  qui  Parle 
River.  Water  supply,  for  fire  protection  only,  is  derived  from  cis- 
terns in  the  city.  Ice  supply  is  cut  from  Lac  qui  Parle  River  and 
some  small  lakes.  No  sewerage.  Garbage  is  removed  to  the  city 
dumping  groimd,  where  it  is  sometimes  burned. 

Mankato,  Blue  Earth  County. — On  Minnesota  River,  just  below  the 
entrance  of  Blue  Earth  River.  Water  supply  is  obtained  from  two 
artesian  wells,  650  feet  deep  in  the  rock.  Ice  supply  is  cut  from  Min- 
nesota River,  above  the  city.  Sanitary  and  storm  sewerage  dis- 
charges into  Minnesota  River.  Garbage  is  commonly  hauled  outside 
the  city  limits  and  dumped.  The  Second  State  Normal  School  and 
St.  Joseph's  Hospital  are  situated  in  this  city. 

MapUton,  Blue  Earth  County. — Drainage  to  Blue  Earth  River  by 
way  of  Little  Cobb  Branch  and  Lesueur  River.  Water  supply  is 
obtained  from  a  deep  well.  A  combined  system  of  sewerage  dis- 
charges into  Little  Cobb  River.  Ice  supply  is  cut  from  an  artificial 
lake  supplied  by  wells.  Garbage  is  hauled  to  the  village  dumping 
ground. 

Marshall,  Lyon  County. — On  Redwood  River,  45  miles  above  its 
mouth.  Water  supply  is  procured  from  an  artesian  well,  410  feet 
deep  in  the  rock,  and  a  dug  well,  40  feet  deep  by  12  feet  in  diameter, 
with  two  driven  pipes  in  the  bottom,  4  inches  by  70  feet  and  9  inches 
by  90  feet,  respectively.  An  8-inch  well,  250  feet  deep,  is  used  for  the 
boiler  supply  and  there  is  also  an  emergency  pipe  to  Redwood  River. 
Ice  supply  is  cut  from  Redwood  River  on  the  outskirts  of  the  village. 
A  sanitary  and  storm  sewerage  system  discharges  into  Redwood  River. 
Garbage  is  hauled  outside  the  city. 
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MQhank,  Qrant  (huntyy  S.  Dak. — On  Whetstone  River,  12  miles 
above  its  entrance  into  Minnesota  River.  Water  supply  is  obtained 
from  deep  wells  in  the  town;  ice  supply  from  Whetstone  River  above 
the  city.  A  combined  system  of  sewerage  is  in  process  of  construc- 
tion. Grarbage  is  hauled  outside  the  city  and  burned  or  covered  with 
dirt. 

Minneota,  Lyon  County. — On  south  branch  of  Yellow  Medicine 
River.  Water  supply  is  obtained  from  a  6-inch  tubular  well,  105  feet 
deep,  drawing  from  the  sandstone;  ice  supply  from  Yellow  Medicine 
River.  A  combined  sewerage  system  discharges  into  the  river. 
Garbage  is  collected  and  burned  regularly,  except  during  the  winter. 

MontevideOj  Chippewa  County. — On  Chippewa  River,  1  mile  above 
its  entrance  into  Minnesota  River.  Water  supply  is  taken  from 
collecting  galleries  sunk  in  an  uninhabited  gully  3  miles  north  of  town; 
ice  supply  from  Chippewa  and  Minnesota  rivers.  A  combined  sewer- 
age system  discharges  into  Chippewa  River.  Garbage  is  hauled  to 
the  village  dumping  ground. 

Montgomery,  Lesueur  County, — Drained  by  a  county  ditch  to  a 
neighboring  lake,  which  connects  with  Minnesota  River.  Water 
supply  is  procured  from  a  10-inch  well  238  feet  deep;  ice  supply  from 
Lake  Pepin,  north  of  the  city.     No  sewerage.     No  systematic  garbage 


Morris,  Stevens  Comity. — Drained  to  Pomme  de  Terre  River,  2 
miles  east  of  town.  Water  supply  is  taken  from  five  8-inch  wells  78 
feet  deep,  one  mile  east  of  the  city;  ice  supply  from  Ponmie  de  Terre 
River.  No  sewerage.  A  United  States  Indian  School  situated  near 
the  city  is  suppUed  with  city  water  and  discharges  its  sewage  into  the 
river  after  it  has  passed  through  a  septic  tank.  Garbage  is  hauled  to 
dmnping  grounds  outside  the  city  limits. 

Morton,  Renville  County. — On  Minnesota  River  about  6  miles  below 
the  entrance  of  Redwood  River.  Water  supply  is  procured  from 
springs  in  a  gravel  bluff  above  the  village  level;  ice  supply  from  Min- 
nesota River.  No  sewerage.  Garbage  is  removed  to  a  dumping 
ground  outside  the  village  limits. 

Mountain  Lake,  Cottonvx>od  County. — Between  the  North  and  South 
folks  of  Watonwan  River.  Water  supply  is  obtained  from  a  well  in 
the  village,  10  feet  deep,  provided  with  a  stone  curbing.  Ice  supply 
is  cut  from  a  creek  near  the  village.  No  sewerage.  Garbage  is 
rwnoved  to  the  public  dumping  grounds. 

Jfew  Prague,  Scptt  and  Lesueur  counties. — Water  supply  is  procured 
from  an  8-inch  well  300  feet  deep;  ice  supply  from  an  artificial  lake 
in  the  city.     No  sewerage.     No  systematic  garbage  disposal. 

3r«r  Ulm,  Brown  County. — On  Minnesota  River,  22  miles  above  Man- 
Wo.  Water  supply  is  obtained  from  wells  in  the  city,  about  200  feet 
deep,  two  with  6-inch,  three  with  8-inch,  and  one  with  10-inch  casing. 
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They  are  said  to  go  through  145  feet  of  clay  and  20  feet  of  sandstone 
to  granite.  Ice  supply  is  cut  from  Minnesota  River.  A  combined 
sewerage  system  discharges  into  Minnesota  River.  Garbage  is 
hauled  to  the  city  dumping  ground  and  buried. 

Olivia,  RenviUe  County, — Drains  to  Minnesota  River  by  way  of  the 
east  fork  of  Beaver  Creek.  Ice  is  commonly  not  cut  in  the  vicinity, 
but  is  shipped  in  from  Granite  Falls.  Garbage  is  hauled  into  ^e 
country.     No  report  on  waterworks  or  sewerage. 

OrtonviUe,  Bigstone  County. — At  the  foot  of  Big  Stone  Lake  on 
Minnesota  River.  Water  supply  is  procured  from  a  dug  well,  45  feet 
deep  by  26  feet  in  diameter;  ice  supply  from  Big  Stone  Lake,  1  mile 
from  the  city.  No  sewerage.  There  is  no  systematic  garbage  dis- 
posal. 

Ottawa,  Lesueur  County, — On  Minnesota  River,  90  miles  above  its 
mouth.  No  waterworks  or  sewerage.  Ice  supply  is  cut  from  Minne- 
sota River. 

Redwood  FaUa,  Redvx>od  County, — On  Redwood  River,  just  above 
its  entrance  into  Minnesota  River.  Water  supply  is  obtained  from  a 
dug  well  in  the  outskirts  of  the  village,  12  feet  in  diameter  by  20  feet 
in  depth.  There  is  also  a  connection  with  Redwood  River  for  use  in 
emergencies.  Ice  supply  is  cut  from  Redwood  River  above  the  dam. 
A  sanitary  sewerage  system  discharges  into  Redwood  River  below  the 
dam. 

Renville,  RenviUe  County. — Connected  with  Minnesota  River  by 
Sacred  Heart  Creek.  Water  supply  is  obtained  from  an  8-inch  well, 
230  feet  deep,  passing  through  about  180  feet  of  clay  into  water-bear- 
ing sand.  Ice  supply  is  obtained  from  Granite  Falls.  No  sewerage. 
Garbage  is  removed  to  the  village  dumping  grounds. 

St,  James,  Watonwan  County. — Drains  to  Watonwan  River  by  St. 
James  Creek.  Water  supply  is  obtained  from  one  well  8  inches  by 
185  feet;  one  well  10  inches  by  385  feet,  for  domestic  use;  and  one  dug 
well  40  feet  deep,  for  boiler  use.  Ice  supply  is  cut  from  St.  James 
Lake,  west  of  the  city.  A  sanitary  sewerage  system  discharges  into 
St.  James  Creek.  Garbage  is  hauled  to  the  dumping  grounds  below 
the  city. 

St,  Peter,  Nicollet  County, — On  Minnesota  River,  97  miles  above  its 
mouth.  Water  supply  is  obtained  from  an  8-inch  well  350  fe^t  deep; 
ice  supply  from  a  small  lake  at  the  foot  of  the  bluffs.  A  storm  sew- 
erage system  discharges  into  Minnesota  River.  Garbage  is  commonly 
hauled  to  the  city  dumping  ground.  Gustavus  Adolphus  College, 
with  about  350  students,  and  the  First  State  Hospital  for  the  Insane, 
with  1,000  to  1,200  inmates,  are  located  at  this  place.  The  water 
supply  for  the  hospital  is  procured  from  two  6-inch  wells,  260  feet 
deep,  in  water-bearing  sandstone.  A  sanitary  sewerage  system  from 
the  hospital  empties  into  Minnesota  River. 
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ShakopeSy  Scott  County. — On  Minnesota  River,  26  miles  above  its 
mouth.  No  waterworks  or  sewerage.  Ice  supply  is  cut  from  Minne- 
sota River.     Garbage  is  hauled  to  the  village  dumping  ground. 

Sherburne^  Martin  County, — Near  Temperance  Lake.  Water  sup- 
ply is  obtained  from  an  artesian  well ;  ice  supply  from  Fox  Lake,  2 
miles  north  of  Sherburne.  Sewerage  not  reported.  Garbage  is 
removed  to  the  city  dumping  ground. 

Sleepy  Eye,  Brown  County. — Drains  to  Big  Cottonwood  River  by 
way  of  Sleepy  Eye  Creek.  Water  supply  is  procured  from  a  dug  well 
in  the  center  of  town,  20  feet  in  diameter  and  about  20  feet  deep.  Li 
the  bottom  of  this  pit  a  casing  is  driven  to  rock.  Ice  supply  is  cut 
from  Sleepy  Eye  Lake  and  Cottonwood  River.  No  sanitary  sew- 
erage.   Garbage  is  regularly  removed  to  the  city  dumping  ground. 

Springfieldy  Brown  County. — On  Big  Cottonwood  River.  Water 
supply,  for  fire  protection  and  sprinkling  only,  is  obtained  from  a 
6-inch  well  28  feet  deep,  in  the  village.  Ice  supply  is  cut  from  Big 
Cottonwood  River  above  the  dam.  No  sewerage.  Garbage  is 
occasionally  hauled  outside  the  village. 

Tracy  J  Monroe  TovmsMp,  Lyon  County. — Water  supply  is  obtained 
from  a  10-inch  drilled  well,  500  feet  deep;  ice  supply  from  Lake  Sigel. 
No  sewerage.     Garb&ge  is  hauled  to  the  village  dumping  ground. 

Waconiay  Carver  County. — On  south  shore  of  Clearwater  (Waconia) 
Lake.  No  public  water  supply.  Ice  supply  is  cut  from  Clearwater 
Lake.  Storm  sewerage  has  been  installed,  but  no  sanitary  system. 
Garbage  is  hauled  to  the  village  dumping  ground. 

Waseca,  Waseca  County. — A  short  distance  from  Clear  Lake. 
Water  supply  is  procured  from  two  artesian  wells,  10  inches  by  400 
feet  and  10  inches  by  1,000  feet,  respectively.  Ice  supply  is  cut  from 
Clear  I^ake.     No  sewerage.     No  regular  garbage  disposal. 

WeUsy  ClarJ/  Township^  FaribauU  County. — Water  supply  is  ob- 
tained from  a  12-inch  artesian  well  and  an  8-inch  well,  200  feet  deep. 
Ice  supply  is  cut  from  an  artificial  lake,  which  is  filled  with  water  from 
the  public  supply.  A  combined  sewerage  system  is  installed,  the  out- 
let of  which  is  not  reported. 

WestbrooJc,  Cottonwood  County. — Near  Double  Lake,  which  dis- 
charges into  Cottonwood  River.  The  village  is  equipped  with  water 
service  for  fire  protection  only.     No  sewerage. 

IKflfw/ir,  Kandiyohi  County. — Near  Foot  Lake,  which  discharges  by 
way  of  Hawk  Creek  into  Minnesota  River.  Water  supply  is  obtained 
from  wells  240  feet  deep;  ice  supply  from  Eagle  Lake,  5  miles  north- 
east of  the  city.     The  city  has  storm  and  sanitary  sewerage." 

Winneba^Oy  FarihauU  County. — One  and  one-half  miles  east  of  Blue 
Earth  River.     Water  supply  is  obtained  from  an  8-inch  well,  283  feet 

•  Baker.  M.  N..  Manual  American  Watemv'orks,  1897,  p.  454. 
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deep,  ice  supply  from  Blue  Earth  River.     No  sewerage.     Garbajrei 
hauled  to  the  villp,ge  dumping  grouml. 

Winthropf  Sibley  County. — Near  the  North  Branch  of  Rush  Rhi 
to  which  its  surface  drainage  goes.  Water  supply  is  procured  fromi 
10-inch  drilled  well,  239  feet  deep,  which  passes  through  about  21 
feet  of  blue  clay  into  water-bearing  gravel  and  sand.  Ic«  supply 
cut  from  Sand  Lake,  3  miles  from  the  village.  No  sewerage.  Gi 
bage  is  hauled  to  a  dumping  ground  2  miles  from  the  village. 

ST.   CROIX  RIVER  BA8IX. 

GENERAL   DESCRIPTION. 

Boundaries, — ^The  St.  Croix  basin  is  bounded  on  the  east  by  C 
pewa  River  drainage  area,  on  the  west  by  upper  Mississippi  Ri 
drainage  area,  and  on  the  north  by  drainage  areas  of  streams  tribuUi] 
to  Lake  Superior.  It  forms  part  of  the  boundary  between  Minnesoti 
and  Wisconsin.     (PI.  IV.) 

Character  and  slope  of  St  Croix  River. — St.  Croix  River  has  its  bed 
in  Upper  St.  Croix  Lake,  a  body  of  water  in  Township  45  N.,  R  11 V. 
Douglas  County,  Wis.,  about  25  miles  east  of  the  Minnesota-Wi? 
consin  boundary.  This  lake,  which  is  4  miles  long  and  one-half 
mile  wide,  is  fed  by  many  springs  from  its  sandy  bed  and  alon^^  iti 
banks.  After  emerging  from  this  lake,  the  river  flows  generaDj 
southwestward  for  70  miles  to  the  mouth  of  Kettle  River,  and  then<:e 
pursues  a  more  southerly  direction  to  its  confluence  with  the  Missir 
sippi.  Its  watershed  comprises  many  forests  of  pine  and  hard  \\(x^l 
dotted  by  cedar  or  tamarack  swamps.  The  major  part  of  the  territon 
was  formerly  covered  with  timber,  but  steady  encroachments  have 
been  made  upon  it  from  the  south  until  much  of  it  has-been  convert*^- 
into  farms.  The  river  is  navigable  for  light-draft  vessels  from  it; 
mouth  to  The  Dalles  of  the  St.  Croix  at  Taylors  Falls.  At  St.  (>i>ii 
Boom,  one  mile  above  Stillwater,  the  river  spreads  out  to  form  a  Uh 
one-half  mile  to  1  mile  wide,  which  continues  to  Prescott.  This  sher! 
of  water,  25  miles  long  and  0  to  15  feet  deep,  has  a  barely  {^erceptilkk 
current,  except  during  flood  times.  At  its  lower  end  it  narrow? 
abruptly  to  a  channel  about  100  feet  wide,  which  connects  wiih 
Mississi])pi  Kiver  .3  miles  l)elow  Hastings.  St.  Croix  River  flows  k 
the  most  part  l^etween  high  bluffs  of  graved  or  of  rock.  It  is  ext^'D- 
sively  used  for  logging  ])urposes.  Numerous  lakes  lie  within  its  dnufi* 
age  area,  especially  in  the  upper  ])art  of  the  valley,  though  none  of 
them  are  of  large  size. 

In  the  first  20  miles  of  its  course,  including  Upper  St.  Croix  I-^ake. 
the  river  falls  but  little.      (PI.  V.)     Jt  tlien  enters  upon  a  series  tJ 
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rapids  which  extend  to  the  mouth  of  Yellow  River,  28  miles,  and  in 
which  the  average  slope  is  4.2  feet  per  mile.  The  stream  then  con- 
tinues with  a  slope  of  1.6  feet  per  mile  to  the  head  of  Kettle  River 
Rapids.  A  section  of  rapid  descent  extends  thence  to  the  head  of 
navigation  at  Taylors  Falls,  in  which  the  river  falls  about  3.5  feet  per 
mile.  Below  this  point  the  grade  is  slight,  so  that  from  Stillwater  to 
Prescott  there  is  hardly  any  fall  at  all.  In  the  last  50  miles  of  the 
river^s  course,  the  navigable  portion,  there  is  a  grade  of  0.3  foot  per  mile. 
The  principal  falls  are  Kettle  River  Rapids,  at  the  mouth  of  Kettle 
River,  and  St.  Croix  Falls,  just  above  Taylors  Falls  village.  In  the 
170  miles  from  the  mouth  of  the  river  to  the  head  of  Upper  St.  Croix 
lAke  there  is  a  total  fall  of  345  feet,  or  an  average  of  2  feet  per  mile. 

Tributaries  of  St  Oroix  River,— Majiy  short  streams  enter  St.  Croix 
River.  (See  PI.  IV.)  Kettle  River,  its  largest  tributary,  rises  in 
Township  49  N.,  R.  14  W.,  Carlton  County,  Minn.,  and  flows  in  a 
southerly  direction  across  the  open,  sandy  lands  of  Carlton  and  Pine 
counties  to  its  entrance  into  St.  Croix  River.  It  has  several  falls, 
specially  in  its  lower  course,  where  it  drops  185  feet  in  ,25  miles. 
Namekagon  River,  the  tributary  second  in  size,  is  the  outlet  of 
Namekagon  Lake,  which  is  located  in  the  central  part  of  Buffalo 
County,  Wis.  The  river  flows  southwestward,  then  westward,  enter- 
ing St.  Croix  River  133  miles  above  its  mouth.  It  is  a  forest  stream, 
much  used  for  logging  purposes.  The  following  list  gives  the  chief 
tributaries  of  St.  Croix  River,  with  the  area  drained  by  each  and  the 
distance  from  lis  mouth  to  Prescott: 

Table  41. — Principal  tributaries  of  St.  Croix  River. 


Tributary. 


iPPte 

nam.... 
Kettle.....!] 
'^imek&gon . 

Snake 

Yellow 


Distance 

Drainage 

of  mouth 

area.o 

above 

Prescott. 

So.  miles. 

MUea. 

427 

30 

416 

108 

1,093 

95 

1,025 

133 

937 

92 

310 

122 

«  Water  powers  of  the  United  Stotes,  Tenth  Census  U.  S.,  pt.  2.  sec.  2,  p.  77. 

Geology, — ^The  formations  which,  in  other  sections  of  the  State,  espe- 
cially in  its  western  half,  make  drainage  water  hard  or  alkaline  are 
absent  from  St.  Croix  Valley.  Drift  generally  covers  the  area  to  a 
depth  of  75  to  100  feet,  except  in  the  deeper  valleys,  so  that  outcrops 
of  rock  are  infrequent  and  limited  in  extent.  Trap  appears  in  the 
valleys  of  Pine  County  and  at  Taylors  Falls  in  Chisago  Coimty,  where 
precipitous  walls  of  it  extend  along  the  river  for  some  distance.  In 
Kanabec  County  the  limited  exposures  are  coarse-gi*ained  syenite. 
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granite,  and  schist.  Sandstone  is  seen  along  Kettle  River  and  is  fom 
extensively  in  the  southern  part  of  the  main  valley.  Limestoi 
which  underlies  most  of  Washington  C!ounty,  is  in  sight  at  Sti 
water.**  Cretaceous  formations  apparently  do  not  lie  in  this  baa 
The  most  important  geologic  feature  from  a  hydro-economic  view 
the  apparent  absence  of  calcareous  rocks  hi  the  upper  part  of  tl 
valley  around  the  headwaters  of  the  principal  streams. 

Soil  and  subsoil,— The  transported  Pleistocene  materials  are  deiiTi 
mainly  from  areas  of  early  rocks  around  Lake  Superior  and  wei 
deposited  as  bowlder  clay  or  till,  in  which  water-bearing  beds  of  m 
and  gravel  are  found.  There  are  many  areas  of  stratified  gravels  &d 
sands  of  the  modified  drift.  Alluvium  similar  to  that  in  lower  ilisa 
sippi  Valley  occurs  along  St.  Croix  River  bottom  as  far  north  as  Tavki 
Falls.  Throughout  Chisago  and  Isanti  counties  a  yellow  gravel 
sand  subsoil  is  found  and  sandy  soils  occur  in  many  parts  of  the  am 
The  following  table  gives  averages  of  analyses  of  soil  from  diffei 
parts  of  St.  Croix  Valley  made  by  the  Minnesota  Agricultural  Expai 
ment  Station : 

Table  42. — Chemical  composition  of  soil  and  svhsoil  in  St.  Croix  River  hasin. 


blTn'      :  Stato.»     ;  ^          SUU' 

Per  cent.    I  Per  cent.   \  Per  cent.      Pn  ct^ 

8(i.(>4  I  79.92  I  86.97 

Volatile 3. 6.5  I  8.98  1  3.91, 

Potassium  oxide  (K,0) .  19  |  .43  .23               » 

Sodium  oxide  (NajO) .10  i  .45  27              • 

Calcium  oxide  (CaO) ,              .48,  1.29  .MS            15 

Magnesium  oxide  (MgO) ,              .2K  .61  I  .32              * 


Insoluble  In  HCl. 


Surface  soil. 


Subsoil 


r,\  I 


Oxides  of  Iron  and  aluminum  ( FeiOa-h  AltO,) 5. 70  7. 20  |  6. .57 

l*ho.sT)horic  anhydride  ( PjOj) .41  "" 

Sulphuric  anhydride  (SO,) .07 

Carbonic  anhydride  (COj) ;  .09 


.20  I  .42 

.10  .06 

.02  .09  ' 


o  Snyder,  II.,  Characttmstlo  features  of  Minnesota  soils:  Bull.  65,  Agr.  Exp.  Sta.,  UniversitvofM* 
nesota,  Chem.  Div.,  Nov.,  1899,  p.  m. 

These  averages  show  characteristics  pertaining  to  sandy  soik 
Siliceous  matter  is  higli,  while  all  other  constituents  are  low,  botl: 
soil  and  subsoil  containing  about  half  as  much  as  the  State  in  general 
of  those  ingredients  known  as  incnistants.  Calcium,  magnesium,  and 
sulphuric  and  carbonic  acids  arc  small  in  amount  and  there  is  littk 
sodium  or  potassium.  As  a  result  of  this  composition  of  the  upp^r 
drift  layers  the  water  of  St.  Ooix  River  is  one  of  the  softest  in  tb 
State. 

aMinn.  Geol.  and  Nat.  Hist.  Sur\'ey.  Final  Kept.,  vol.  2,  (Joology  of  Washington,  Isanti,  KAnul**^ 
Chlsa|;o,  and  Pine  counties  ^ 
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INDUSTRIAL   POLLUTION. 

Twenty-three**  establishments  in  St.  Croix  basin  were  reported  as 
likely  to  furnish  wastes  of  deleterious  character. 

Tabus  43. — JnduMtnal  establishments  causing  stream  polhUion  m  St.  Croix  River  basin. 

Breweries 6 

Gaa  works 1 

Sawmills 13 

Starch  fetctoriee 4 

The  breweries  are  small  and  their  effluents  are  not  large  in  amount. 

Lumbering. — Lumbering  is  still  the  principal  industry,  and  the 
mdustrial  pollution  from  this  source  is  important.  Nine  large  saw- 
mills are  located  at  Stillwater  and  South  Stillwater  on  Lake  St.  Croix. 
The  logs  are  boomed  and  stored  on  the  lake:  After  the  lumber  is 
sawed  much  of  it  is  rafted  down  the  river.  Doubtless  a  large  amoimt 
of  the  color  in  St.  Croix  River  is  due  to  dissolved  resins  and  other 
extractives  from  the  logs  floated  in  the  water  and  from  the  sawdust, 
bark,  and  other  kinds  of  refuse  that  reach  the  stream.  During  the 
past  ten  years  from  300,000,000  to  350,000,000  feet  of  logs  have  been 
mn  annually  on  St.  Croix  River  above  Stillwater.*  The  waste  from 
this  industry  is  not,  however,  specifically  dangerous  or  likely  to 
become  noxious  during  putrefaction.  It  is  undesirable  because  it 
increases  the  color  and  the  organic  content  of  the  water  and  provides 
foci  for  the  growth  of  bacteria. 

Starch  making. — Complaint  was  made  in  1900  that  Goose  Creek,  in 
Chisago  County,  was  being  polluted  by  a  starch  factory  at  Harris.*^ 
Inspection  showed  that  the  stream  for  2  or  3  miles  below  the  factory 
was  full  of  potato  gratings  in  an  advanced  state  of  putrefaction,  and 
it  was  claimed  that  fish  in  the  creek  were  killed  by  the  waste.  This 
condition  is  typical  where  the  effluent  from  these  factories  is  permitted 
to  enter  streams  without  previous  purification.  Li  the  usual  method 
for  manufacturing  starch  from  potatoes  the  tubers  are  first  washed 
free  from  adhering  dirt  and  sand  by  agitation  in  a  revolving  drum 
with  brushes  so  placed  as  to  scrub  the  potatoes.  The  waste  water 
from  this  process  contains  the  coloring  matter  of  the  skins,  some  par- 
ticles of  the  peelings,  and  a  large  amoimt  of  dirt.  The  potatoes  are 
then  rasped  or  ground  to  a  soft  pulp,  which  is  passed  through  a  series 
of  shaking  sieves  oi*  revolving  wire-gauze  cylinders  where  the  starch 
is  washed  out  with  water.  After  the  suspended  starch  is  removed 
from  this  liquid  by  levigation  it  still  contains  the  soluble  part  of  the 
potato,  considerable  potash,  phosphoric  acid,  albumin,  and  other 

*One  MwiiiUl  in  Ellsworth,  Wis.;  1  In  New  Richmond,  Wis.;  1  sawmUl  and  2  breweries  in  Hudson, 
Wis..  %xA  1  sUxch  Iftctory  in  River  Falls,  Wis.,  are  Included  in  this  number. 
^Aan.  Rei>t.  CUef  of  Engineers,  U.  8.  Army,  1901.  p.  2332. 
eBlomial  Rept.  SUte  board  of  health  of  Mlnneaoto  for  1899-1900,  p.  111. 


90 


QUALITY   OF   SUBFACE   WATERS   IN    MINNESOTA. 


nitrogenous  matters,  which  rapidly  become  offensive  by  putrefactive 
fermentation.**  These  waste  liquids  can  be  used  to  irrigate  land, 
while  the  pulp  remaining  after  the  starch  is  extracted  can  be  pressed 
and  dried  for  sale  as  a  low-grade  cattle  food.  There  is  no  excuse  for 
discharging  this  waste  into  streams,  for  with  a  small  amount  of  care 
valuable  materials  which  now  create  a  nuisance  could  be  economically 
recovered. 

MUNICIPAL   POLLUTION. 


Population  and  imUution, — Stillwater  and  Taylors  Falls,  on  the 
main  stream,  are  two  of  the  oldest  places  in  the  State.  Pioneers 
attracted  by  the  seemingly  inexhaustible  timber  resources  of  the  area 
built  up  a  vast  lumber  industry,  with  its  headquarters  at  Stillwater. 
Settlers  seeking  farms  followed  the  lumbermen  in  their  progress  north- 
ward and  are  now  turning  the  former  forest  lands  into  wheat  farms. 
Up  to  the  present  time  few  large  villages  have  been  estabUshed  in  the 
drainaga  area,  and  the  population,  except  the  large  percentage  of  it 
concentrated  at  Stillwater,  is  composed  of  farming  communities  and 
of  inhabitants  of  lumber  camps.  The  following  table  shows  the  dis- 
tribution by  counties  of  the  total  population  in  St.  Croix  Valley  for 
three  successive  censuses.     (See  also  PI.  IV.) 

Table  44. — Population  in  St.  Croix  River  basin. 


County. 


Aitkin 

Anoka 

Bayfield,  Wis 

Buraett,  Wis 

Cailton 

Chisago 

Douglas,  Wis 

IsaiSi 

Kanabec 

MiUelacs 

Pierce,  Wis 

Pine 

Polk,  Wis 

Sawyer,  Wis 

St.  Croix,  Wis 

Washburn,  Wis 

Washington 

Total  population 


U.S. 

Census, 

1890. 


200 

205 

407 

4.393 

1,096 

10,350 

272 

235 

1,579 

200 

4,928 

4,052 

12,968 

968 

16,857 

2,761 

23,308 


U.S. 

Census, 

1900. 


state 

Census, 

1905. 


374 

747 

7,478 

2,778 

13,248 

924  , 

372 

4,614 

300  I 
5,723 
11,546 
17,801  1 
3,157  1 
19,518  I 
4,991 
24,996 


440 

1,900 

9,251 
13,678 
14,341 

1,230 
452 

6,194 
400 

5,594 
14,869 
20,885 

4,172 
19,493 

2,439 
25.906 


84,718  I    118,955  I      141,931 


Table  45. — Density  of  popvlaiion  in  St.  Croix  River  basin. 


I  Drainage 
area. 


Inhabitants  per 
square  mile. 


I- 


1890. 


1900. 


Above  Stillwater: 

Entire  area 

Excluding  chief  settlements 

Above  Mississippi  River: 

Entire  area \      f-,  «==   / 

Excluding  chief  settlements i         ''"^^  \ 


Sq.  miles. 
}      b  7,000  {      ^^ 


1905. 


I 


5.6 


11.1 

8.4  , 


9.8 
9.6 


15.5 
12.4 


13.0 
12.8 


I&5 
la  2 


a  Thorp,  F.  H.,  Outlines  of  Industrial  Chemistry,  1901,  p.  360. 
^  Measured  from  best  available  maps.  c  Gannett,  H.,  Twelfth  U.  8.  Census,  BoUetin  I. 
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The  number  of  inhabitants  per  square  mile  in  the  valley  is  consid- 
erably less  than  the  average  for  the  entire  State.  The  distribution 
of  both  rural  and  urban  populations  is  similar  to  that  of  the  Missis- 
sippi area  above  Minneapolis.  In  the  upper  part  of  the  basin  the  pop- 
ulation is  scant,  only  two  villages,  North  Branch  and  Sandstone,  hav- 
ing had  more  than  1,000  inhabitants  in  1900.  The  lower  part  is  more 
thickly  inhabited  and  contains  several  important  settlements,  the 
largest  of  which,  Stillwater,  with  a  population  of  12,435,  is  one  of  the 
industrial  and  commercial  centers  of  the  State.  The  growth  of  10 
per  cent  in  these  cities  and  villages  during  the  last  15  years  is  small 
as  compared  with  the  rapid  increase  of  villages  in  other  parts  of  the 
State.  During  the  same  period  an  increase  of  60  per  cent  in  the  total 
population  of  the  area  indicates  an  important  occupation  of  terri- 
tory by  farmers  and  homesteaders.  Within  the  last  decade  and  a 
half  the  number  of  inhabitants  per  square  mile  in  the  area  above 
Stillwater  has  more  than  doubled,  and  the  part  of  the  valley  that  was 
developed  earlier  has  shown  a  decided  increase.  The  population  is 
not  yet  so  dense  as  that  of  Minnesota  Valley  and  there  is  still  pros- 
pect of  growth. 

The  portion  of  St.  Croix  Valley  above  Stillwater  includes  over  90 
per  cent  of  the  basin,  but  is  occupied  by  a  little  over  60  per  cent  of 
the  population.  The  density  of  population  is  considerably  less  than 
m  the  St.  Croix  Valley  as  a  whple.  North  Branch  and  Sandstone  are 
the  largest  villages.  Mora,  Taylors  Falls,  St.  Croix,  and  Pine  City 
are  other  places  of  minor  importance.  None  of  these  towns  have  sani- 
tary sewerage,  and  the  pollution  of  St.  Croix  River  by  them  is  not 
large. 

The  principal  cities  and  villages  of  the  valley  of  St.  Croix  River  are 
situated  a  short  distance  above  the  confluence  of  this  stream  with  the 
Mississippi. 

Table  46. — Principal  settlements  in  St.  Croix  River  basin. 


'   Distance 
River. 


Population. 
1890.        1900.        1905. 


SfiUs,      I 

HodjoiuWis 15'  2,885  3.259 

X^  Richmond,  Wis 30  1,408  1.631 

-NV'rth  Branch  a 79  1,141  1.21 

?*T?«otl.Wis 0  911  ,  1,002 

^vfrFalU.Wls 12  1.783  1  2,008 

''aMst^ie 120  1,054,  1,189 

SoQlh  gtUlwat«r 20  1.453'  1.422 

?tiUwat«r 23  I  12.004  ,  12.318 


ToUl  urban  population ,J  32.li30  i  24.040 

o  Including  Branch  Township. 


3,220 
1,824 
1,375 
889 
2.300 
1.589 
1.572 
12,435 


25,204 
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Three  of  the  six  cities  below  and  including  Stillwater,  having  a  pop- 
ulation of  17,000,  are  equipped  with  sanitary  sewerage.  The  larger 
two  (see  Table  46),  Stillwater  and  Hudson,  discharge  their  sewage 
without  purification  into  the  sedimentation  basin  of  the  lower  river, 
called  Lake  St.  Croix.  It  is  probable  that  a  great  part  of  the  sewage 
is  rendered  innocuous  before  it  reaches  Mississippi  River.  While  the 
discharge  of  raw  sewage  into  this  part  of  the  river  can  not  be  com- 
mended, the  volume  of  pollution  from  these  sources  is  insigniJScant 
when  compared  with  the  discharge  of  sewage  into  Mississippi  River  at 
Minneapolis  and  St.  Paul. 

Typhoid  fever. — Comparatively  few  cases  of  typhoid  fever  occur  in 
this  region,  doubtless  because  it  is  not  thickly  settled.  Stillwater, 
the  chief  commercial  center  and  the  largest  city  in  the  area,  has  natu- 
rally the  most  typhoid  fever.  The  use  of  Lake  McKusick  as  a  partial 
source  of  supply  subjected  the  city  to  constant  danger,  because  there 
was  no  provision  against  infection  from  houses  and  other  buildings  on 
the  banJcs  of  the  Ip-ke.  Fortunately,  no  cases  of  typhoid  fever  were 
cared  for  in  that  immediate  locality  while  the  lake  water  was  used,  and 
this  source  of  domestic  supply  has  now  been  abandoned. 


QUALITY   OF   WATER. 

Two  series  of  samples  from  St.  Croix  River  were  examined.**  The 
first  was  taken  in  the  fall  of  1904,  while  the  river  was  open  and  at  an 
ordinary  stage.  The  second  was  collected  when  the  river  was  cov- 
ered with  ice  about  30  inches  thick  and  is  fairly  representative- of 
winter  condition.  Examinations  of  Lake  McKusick  and  Browns 
Creek  at  Stillwater  were  made  during  the  summer  and  fall  of  1904. 


Table  47. — QtuUily  of  water  in  St.  Croix  River  basin.b 
[Parts  per  million.] 


Locality  and  source. 


St.  Croix  River- 
Above  Taylors  Falls. . . 
Below  Taylors  Falls. . . 

Above  Stillwater I 

Below  Stillwater I 

Above  Prescott ] 

Above  Taylors  Falls. .  .| 
Below  Taylors  Falls. . . 

Above  Stillwater 

Above  Prescott 

Lake  McKusick  at  StiU-  | 
water,  average    of  five 
analyses | 

BrownsCreekat  Stillwater. 


Tur-   I  Chlo-, 


Sul-      Total    Total 


Date.  Color.   Odor.  I ,;.";"   I  ^"*""i  phat©  |  alka-     hard- 

I  '^^^^*>-   "^®- '  radicle.:  Unity,  i  ness. 


Oct.   22,1904 

do 

Oct.   21,1904 

do 

Oct.    14,1904 
Mar.  15,1905 

do 

Mar.  16,1905 
Feb.  11,1905 


Aug.  15,1904 
Oct.     1,1904 




120 

2  v. 

162 

2v. 

162 

2v. 

148 

2  v. 

29 

2  v. 

18 

2  v. 

22 

2  v. 

18 

2  v. 

25 

Iv. 

40 

3v. 

25 

2v. 

35 
30 
17  1 
15 

10  I 
10  j 

9  ' 

<7| 


<-7  i 
<7 


0.8  1 

.8 

1.0  I 


1.5 
.3 
1.2 
1.4 
1.4 
1.1 


1.1  I 

.7 


0 
0 
0 
0 
0 

Trace. 

Trace. 

Trace. 
c5 


45 
45 
58 
58 
87 
91 
72 
95 
106 


139 

182  ' 


49 
40 
63 
63 
90 
84 
67 
90 
111 


135  , 
188 


Iron. 


0 

0 

0 

0 

0 

1.0 

1.0 

1.0 

Tracf. 


1  See  PI.  I  for  location  of  sampling  stations. 

6  Chemical  analyses  by  R.  B.  Dole.     Bacteriological  examinations  by  Dr.  E.  H.  Beckman. 

e  Estimated. 
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Table  47. — Quality  of  water  in  St.  Croix  River  basin — Continued. 
[Parts  per  million.] 


Locality  and  source. 


trites.  tratcs. 


8t  Croix  River- 
Above  Taylors  Falls. . 

Below  Taylors  Falls. . 

Above  Stillwater 

Below  Stillwater 

Above  Prescott 

Above  Taylors  Falls. . .! 

Below  Taylors  Falls. . . 

Above  StUlwatcr 

Above  Prescott 

UkD  UcKamck  at  Still- 
water, avera^    of   five 

analyses 

BrownsCreek  at  Stillw  ater. 


Bac-  IB.coli 
Ni-      teria    com- 


per 

CO. 


0.04  !  3,600 

.04  .  4,800 

.04  2,400 

.04  I  l,cOO 

.05  670 

.05  750 


.05 
.05 
.10 


1,100 
400 
64 


Aug.  15,1904 
Oct.     1,1904 


.19  ;  1,400 
.4o     J, 700 


mu- 
nis. 


The  characteristic  effect  of  woodland  drainage  is  seen  in  the  high 
albuminoid  ammonia^  color,  and  odor.  On  the  other  hand  the  mineral 
content  is  low.  There  is  practically  no  sulphuric  acid  present  and 
very  little  chlorine  or  iron.  The  turbidity  is  low  for  the  samples 
examined,  and  the  amount  of  suspended  matter  is  never  excessive. 
The  low  hardening  constituents,  which  are  principally  bicarbonates 
of  calcium  and  magnesium,  indicate  that  the  stream  is  excellent  for 
boiler  use. 

B.  coli  communis  was  isolated  in  pure  culture  from  every  sample 
taken  in  the  fall,  while  in  the  winter  it  was  found  only  above  Still- 
water. The  number  of  bacteria  per  cubic  centimeter  was  found  to  be 
considerably  lower  in  winter  than  in  fall.  It  is  especially  significant 
that  both  examinations  at  Prescott  show  a  diminution  in  the  number 
of  bacteria  present.  Two  other  examinations  of  water  from  the  river 
at  Prescott  also  gave  very  small  numbers  of  bacteria;  on  August  29, 
1903,  45  colonies  were  counted,  and  on  June  8,  1904,  there  were  130, 
while  B.  coli  communis  was  not  isolated  in  either  case. 

The  effect  of  sedimentation  is  further  shown  by  the  reduction  in 
color,  odor,  turbidity,  albuminoid  ammonia,  and  free  anmionia,  and 
the  increase  in  nitrates.  At  the  same  time  there  is  an  increase  in 
alkalinity,  hardness,  and  total  residue,  probably  due  to  the  intro- 
duction of  groimd  water  from  the  limestone  region  along  the  shores 
of  Lake  St.  Croix.  The  same  changes  were  noted  between  summer 
and  winter  conditions  as  in  other  streams;  the  nitrogens,  color,  and 
bacterial  content  decrease,  while  all  amounts  representing  mineral 
matter  are  increased,  showing  the  effect  of  a  change  in  the  percentage 
of  underground  flow  to  the  river.  The  principal  features  to  be  noted 
in  regard  to  the  quality  of  this  water  are  that  it  drains  from  a  wooded, 
swamp,  and  farming  country,  not  very  thickly  settled;  that  there 
are  no  serious  industrial  pollutions  in  the  area;  that  it  is  softer  than 
UB  193—07 7 
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that  of  the  other  two  great  tributaries  of  Mississippi  River  in  Minne- 
sota; that  the  small  amount  of  municipal  pollution  is  largely  elimi- 
nated by  sedimentation  and  oxidation  in  Lake  St.  Croix. 

In  conclusion  a  table  is  given  showing  the  average  of  nine  analyses 
of  the  river  water,  with  the  maximum  and  minimum  determinations. 
The  water  is  likely  to  vary  considerably  from  these  figures  because 
they  do  not  represent  examinations  made  over  a  long  period. 

Table  48. — Summary  of  quality  of  water  of  St.  Croix  River. 
[Parts  per  million.] 


Determination. 

Maximum. 

Minimum. 

Average. 

Color 

162 
2v. 
35 
1.5 
as 
108 
111 

1.0 
133 
10 
.180 
.420 
.10 
Trace. 

18 

1  V. 

<7 

a3 

0 
45 

1 

110 
7 

.014 
.140 
.04 
.000 

70 

Odor 

2v. 

Turbidity 

14 

Chlorine 

LO 

Sulphate  radicle 

Tntcp. 

Alkalinity 

89 

Total  hardness 

80 

Iron 

TrKT. 

Total  residue 

13S 

Soluble  residue 

9 

Free  ammonia 

.OM 

Albuminoid  ammonia ...      ........ 

.239 

Nitrates 

.Oa 

Nitrites 

.000 

a  Estimated. 

NOTES   ON    MUNICIPALITIES. 

Of  the  8  Minnesota  settlements  mentioned  below  wells  are  reported 
as  public  water  supplies  from  5.  Sanitary  sewerage  has  been  installed 
at  only  one  place. 

Hudson,  St.  Croix  County,  Wisconsin. — On  St.  Croix  River  at  th< 
mouth  of  Willow  River.  Water  supply  is  taken  from  two  8-inch  arte 
sian  wells,  250  and  500  feet  deep,  respectively,  which  enter  sandstone 
at  15  feet  and  are  supplied  from  it.  Ice  supply  is  procured  from  Wit 
low  River  and  from  St.  Croix  River,  which  is  at  this  point  known  aj 
Lake  St.  Croix.  A  sanitary  sewerage  system  discharges  into  St.  Croij 
River. 

Mora,  Kanabec  County. — On  Snake  River  30  miles  above  St.  Croi: 
River.  Water  supply  is  procured  from  one  10-inch  driven  well,  21( 
feet  deep;  ice  supply  from  Lake  Mora.  No  sewerage.  Garble  i 
hauled  to  the  public  dumping  ground. 

New  Richmond,  St.  Croix  County,  Wisconsin.— On  Willow  River  1 
miles  above  its  mouth.  Water  supply  is  obtained  from  a  6-inch  well 
drilled  185  feet  deep;  ice  supply  from  Willow  River  above  the  darr 
A  combined  sanitary  and  storm  sewerage  discharges  into  Willow 
River.     Garbage  is  hauled  to  the  village  dump. 

North  Branch,  Chisago  County. — On  North  Branch  River  8  mile 
above  St.  Croix  River.  No  waterworks,  sewerage,  or  public  garbag 
disposal.     Ice  supply  is  cut  from  two  small  lakes  near  the  village. 
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Pine  dhfj  Pine  County. — On  Snake  River  at  the  outlet  of  Cross 
Lake.  No  waterworks  or  sewerage.  Ice  supply  is  cut  from  Snake 
River.  Garbage  is  buried  or  burned  at  the  village  dumping  ground. 
A  private  sanitarium  for  the  treatment  of  tuberculosis  is  situated 
above  the  town. 

Prescottj  Pierce  County,  Wisconsin, — At  confluence  of  St.  Croix  and 
ilississippi  rivers.  No  waterworks  or  sewerage.  Ice  supply  is  cut 
from  Lake  St.  Croix.  Garbage  is  carted  outside  the  village  limits  and 
burned. 

River  FaUsy  St.  Croix  and  Pierce  counties,  Wisconsin. — On  Kinnic- 
kinnic  River,  1 2  miles  above  Prescott.  Water  supply  is  obtained  from 
art^an  wells  550  feet  deep.  There  is  no  public  sewerage.  Ice  sup- 
ply is  cut  from  the  mill  pond  on  Kinnickinnic  River.  Garbage  is 
hauled  outside  the  city  limits. 

Rush  City,  Chisago  County. — On  Rush  Creek.  Water  supply,  for 
fire  protection  only,  is  obtained  from  shallow  wells.  Ice  supply  is  cut 
from  Rush  Lake.  No  sewerage.  Garbage  is  hauled  outside  the  vil- 
lage limits. 

Sandstone,  Pine  County. — On  Kettle  River,  about  25  miles  above 
St.  Croix  River.  Water  supply  is  derived  from  two  wells  drilled  in 
sandstone,  12  inches  by  750  feet  and  10  inches  by  150  feet,  respectively. 
Ice  supply  is  cut  from  Miller  and  Wolf  lakes.  No  sewerage.  Garbage 
is  hauled  to  the  village  dumping  ground,  where  all  putrescible  matter 
is  bumed. 

South  StiUvxiter.  Washington  County. — On  St.  Croix  River,  20  miles 
above  its  mouth.  Water  supply,  for  fire  protection  only,  is  procured 
from  a  dug  well  25  feet  deep  by  20  feet  diameter,  on  the  bank  of  a 
brook,  with  which  there  is  also  an  emergency  connection.  Ice  supply 
is  cut  from  St.  Croix  River.  No  sewerage.  Garbage  is  hauled  to  the 
public  dumping  grounds. 

StUlvxUer,  Washington  County. — On  St.  Croix  River  23  miles  above 
its  confluence  with  Mississippi  River.  Has  two  distinct  water  sys- 
tems. One,  for  drinking  and  domestic  use  only,  is  supplied  by  a 
spring  in  the  sand  rock  and  a  deep  well,  both  located  in  the  central 
part  of  the  city.  The  deep  well,  drilled  2,640  feet  deep  and  8  inches 
in  diameter,  was  cased  650  feet  and  afterward  plugged  at  750  feet,^  so 
that  the  water  is  probably  derived  from  the  ''Potsdam''  sandstone. 
The  other  water  system,  for  fire  protection  and  boiler  use,  is  sup- 
plied by  Lake  McKusick,  a  small  shallow  body  of  water  on  the  out- 
skirts of  the  city.  The  ice  supply  is  taken  from  Lily  Lake,  within  the 
fity  limits,  and  from  St.  Croix  River  in  front  of  the  city.  The  sewerage 
<iischarges  by  two  main  outlets  into  St.  Croix  River  near  the  bridge. 
The  Minnesota  State  prison  is  situated  near  St.  Croix  River,  in  the 

'Tlie  Stillwater  deep  well;  review  of  paper  by  A.  D.  Meeds,  read  before  the  Minnesota  Academy  of 
SUotal  Sdencea:  Am.  Oeol.,  vol.  3, 1889,  p.  342;  Science,  vol.  13,  No.  329,  p.  401. 


96  QUALITY   OF   SURFACE   WATERS   IN    MINNESOTA. 

northern  part  of  Stillwater.     Its  sewage  is  discharged  into  St.  Croii 
River. 

Taylors  Falls,  Cltisago  County. — On  St.  Croix  River  52  miles  above 
its  mouth.  No  waterworks  or  sewerage.  Ice  supply  is  cut  from 
Thaxter  Lake,  Wisconsin.  Garbage  is  commonly  hauled  outside  the 
village  limits. 

MISSISSIPPI  RIVER  BASIN  BETWEEN  MINNESOTA  RIVER 
AND  THE    IOWA   LINE. 

GENERAL  DESCRIPTION. 

Area  discussed, — Above  the  southern  border  of  Minnesota  the  Mis- 
sisisippi  River  basin  extends  over  nearly  one-half  of  Minnesota  and 
Wisconsin,  including  the  area  drained  by  Minnesota,  St.  Croix,  Chip- 
pewa, and  Black  rivers.  The  area  considered  under  this  heading 
includes  the  portions  of  Minnesota  that  are  drained  by  Mississippi 
River  below  Minnesota  River  except  the  St.  Croix  basin  (PI.  lY), 
which  is  described  under  a  separate  heading.  Examinations  of  the 
main  stream  were,  however,  made  only  as  far  south  as  the  foot  of  Lake 
Pepin,  just  above  the  entrance  of  Chippewa  River,  near  Wabasha, 
Minn.  Consequently,  the  discussion  of  the  quality  of  water  in  this 
lower  section  is  confined  to  that  part  of  the  basin  that  lies  above  the 
mouth  of  Chippewa  River.  The  consideration  of  municipal  pollution 
above  that  point  must  necessarily  have  reference  to  settlements  on  the 
upper  portion  of  the  Mississippi,  on  the  Minnesota,  and  on  the  St.  Croix. 
In  addition  there  is  presented  a  brief  summary  of  conditions  in  set- 
tlements of  the  Minnesota  portion  of  the  area. 

Character  and  slope  of  Mississippi  River, — After  passing  Minne- 
apolis, the  Mississippi  assumes  the  appearance  that  characterizes  its 
lower  sections.  From  a  swift  running,  highly  colored  stream  it 
becomes  sluggish,  receives  considerable  suspended  matter  from  its 
tributaries,  and  spreads  out  over  a  wide  alluvial  bottoin  cut  by 
sloughs  and  dotted  with  islands.  Its  slope  is  greatest  from  St. 
Anthony  Falls  to  the  mouth  of  Minnesota  River,  a  stretch  in  which 
the  stream  passes  through  a  deep,  wide  gorge  which  it  has  excavate 
during  the  gradual  recession  of  the  falls.  After  it  is  joined  by  Min- 
nesota River  it  commences  to  occupy  a  broad  valley,  through  which 
it  runs  in  a  tortuous  course.  St.  Croix  River  enters  from  the  north  32 
miles  below  Minnesota  River.  The  Mississippi  then  pursues  a  south- 
easterly course  to  the  State  border.  Its  valley  is  from  2  to  3  miles 
wide  and  50  to  200  feet  deep,  with  sandstone  and  lime  rock  frequently 
exposed  along  its  banks.  The  river  follows  several  channels,  com- 
monly called  ''sloughs,^'  and  its  bed  is  sand,  gravel,  and  fine  silt. 
Twenty-five  miles  below  the  entrance  of  St.  Croix  River  it  broadens 
in  a  body  of  water  called  Lake  Pepin,  about  23  miles  long  and  3  miles 
wide,  through  which  there  is  a  gentle  current  at  all  times.    Below 
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Lake  Pepin  it  again  assumes  its  character  as  a  stream  of  many  chan- 
nels. It  is  joined  immediately  by  Chippewa  River  from  the  east,  and 
a  few  miles  farther  down  by  Zumbro  River  from  the  west. 

In  the  172  miles  from  the  mouth  of  Minnesota  River  to  the  Iowa 
boundary,  Mississippi  River  falls  a  little  over  72  feet,  making  an  aver- 
age slope  of  0.42  foot  per  mile  (see  fig.  1) .  Lake  Pepin,  through  which 
there  is  practically  no  fall,  is  seemingly  an  excellent  place  for  the 
sedimentation  and  destruction  of  polluting  matter  received  from  the 
lai^  cities  upon  its  banks.  At  flood  times,  however,  the  water 
passes  along  swiftly  and  probably  gets  little  purification  between  St. 
Paul  and  La  Crosse. 

Tributaries  of  Mississippi  River. — The  three  larger  tributaries  on 
the  west  side  below  Minnesota  River  are  Cannon,  Zumbro,  and  Root 
rivers.  The  first,  having  its  source  in  the  northwestern  part  of  Rice 
County,  after  performing  a  semicircle  through  Lesueur  County,  flows 
northeastward  to  Mississippi  River  near  Red  Wing.  Straight  River, 
its  chief  tributary,  rises  in  the  southern  part  of  Steele  Coimty  and, 
flowing  northward,  joins  Cannon  River  at  Faribault.  Cannon  River 
below  this  point  is  80  to  85  feet  wide  and  flows  in  a  series  of  rapids  and 
reaches  of  smooth  water.  Ten  miles  below  Cannon  Falk  the  stream 
becomes  narrow,  deep,  and  tortuous  as  it  sinks  to  the  alluvial  plain 
bordering  the  main  stream.  Zumbro  River  is  formed  by  the  junction 
of  three  small  branches  in  Wabasha  County.  In  its  upper  part  there 
are  many  rapids  and  shoals,  but  as  it  emerges  from  the  high  bluffs 
bordering  Mississippi  River  the  rapids  become  fewer  and  the  stream 
deepens  and  grows  winding,  like  the  other  tributaries.  Root  River 
rises  in  Mower  Coimty  in  two  branches,  which  unite  in  Olmsted 
County,  after  which  the  river  pursues  an  easterly  course  across  Fill- 
more and  Houston  counties  to  its  confluence  with  Mississippi  River,  a 
few  miles  above  the  State  border.  Chippewa  and  Black  rivers  are 
important  streams  that  drain  a  large  part  of  Wisconsin  below  Lake 
Pepin. 

Topography, — The  southeastern  part  of  Minnesota  is  rolling  prairie, 
bounded  on  the  east  by  the  wide,  deeply  eroded  valley  of  Mississippi 
River,  which  is  intersected  at  different  points  by  large  trenches  bear- 
ing tributary  streams.  The  area  is  now  devoted  to  the  cultivation  of 
com  and  wheat.  The  number  of  lakes  in  this  section  is  small  as  com- 
pared with  those  in  other  parts  of  the  State. 

Gtology. — The  Archean  and  the  Algonkian  rocks,  so  common  in 
other  parts  of  the  State,  are  not  exposed  below  Minneapolis.  Con- 
spicuous formations  .throughout  the  counties  in  this  part  of  the  State 
are  the  sandstones  and  limestones  of  the  Ordovician  and  the  Cam- 
brian. The  "St.  Croix"  sandstone  appears  along  the  valley  of  Mis- 
sissippi River.  The  coarse,  friable  St.  Peter  sandstone  outcrops  here 
and,  gently  dipping  southward,  becomes  an  important  aquifer  in  the 
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artesian  basin  of  Iowa.  Rocks  of  Trenton  age,  mainly  limestci 
occur  all  over  the  region,  particularly  in  the  southern  count 
Occasional  deposits  belonging  to  the  Cretaceous  period  appear  in 
western  part  of  the  basin,  and  Devonian  rocks  are  found  in  the 
em  part  of  Mower  and  Fillmore  counties.  Drift  of  varying  thid 
covers  all  except  about  3,000  square  miles  in  the  southeast  conw 
the  State,  which  unites  with  similar  coimtry  in  Wisconsin,  Iowa, 
Illinois  to  form  the  "  Drif  tless  Area.' '  The  drift  is  thickest  in  the  westi 
part,  where  it  is  similar  in  character  to  that  foimd  in  Minnesota  Valh 
being  mainly  blue  till.  Toward  the  east  it  becomes  thinner 
gradually  blends  with  the  red  till.  In  the  deep  river  bottoms  stnl 
fied  alluvial  deposits  of  sand  and  gravel  are  foimd. 

SoU  and  subsoil, — The  soil  and  subsoil  are  similar  to  those  of  Mini 
sota  River  basin  in  chemical  composition.  They  show  a  fair  perca 
age  of  alkaline  and  alkaline-earth  ingredients,  though  true^'alki 
soils  are  not  found.  Toward  the  east  they  gradually  lose  this  dm 
acteristic  and  contain  less  and  less  soluble  ingredients. 

INDUSTRIAL   POLLUTION. 

From  lower  Mississippi  Valley  there  have  been  reported  as  likely 
furnish  effluents  of  undesirable  character  the  following  establishiuenti 

Table  49. — Industri<il  establishments  causing  stream  pollution  in  lower  Missi^ippi Bi* 

basin  in  Minnesota. 

Breweries 

Gas  works 

Sawmills 

Tanneries 

Woolen  mills 


Several  large  breweries  are  included  in  this  list,  and  their  effluei* 
are  all  discharged  into  Mississippi  River  and  its  tributaries  eitta 
directly  or  tlu'ough  the  city  sewers.     This  waste  contains  considerabk 
nitrogenous  matter  that  is  capable  of  offensive  putrefaction.   Tkf 
gas-works  wastes  vary  according  to  the  character  of  the  process  u5fJ 
and  the  care  with  which  valuable  ingredients  are  recovered.     By-pri^ 
ucts  in  the  manufacture  of  coal  gas  are  coke,  ammonia,  and  tar.   Tl* 
latter  two,  in  liquid  form,  are  sometimes  discharged  into  streAin^ 
though  this  procedure  is  wasteful  and  is  not  countenanced  by  p 
gressive  establishments.     The  larger  sawmills  along  Mississippi  Ri^ 
use  considerably  less  lumber  than  those  on  the  upper  tributari* 
The  tannery  wastes  are  spent  bark  liquors,  vat  sludges,  lime,  »i» 
wash  waters  containing  bits  of  flesh,  hair,  and  other  putrescible  im^' 
ter.     Although  there  has  been  no  complaint  on  this  account,  thesaD* 
kind  of  pollution  has  caused  a  great  deal  of  trouble  in  other  parts ci 
the  United  States  and  is  likely  to  become  a  pubUc  nuisance  if  tl« 
establishments  increase  in  size.     The  three  woolen  mills  noted  ar 
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small;  and  the  wastes  that  reach  the  streams  are  wool  scouringS; 
soapy  water,  and  waste  dye  liquors.*  The  abattoirs,  packing  houses, 
rendering  works,  and  stockyards  of  the  slaughtering  establishments 
at  St.  Paul  discharge  a  great  deal  of  objectionable  material  through 
private  sewerage  systems  into  Mississippi  River.  The  pollution  con- 
sists, mainly,  of  foid,  bloody,  wash  water,  yard  drainage,  and  putres- 
cent scraps  of  animal  matter  that  pass  through  the  skinmiing  tanks. 
If  iCnneapolis,  just  above  St.  Paul,  is  included,  the  manufacturing 
establishments  in  this  region  exceed  in  number,  size,  and  value  of 
output  all  those  in  the  rest  of  the  State. 

MUNICIPAL   POLLUTION. 

Population  and  sources  of  pollution, — Lower  Mississippi  Valley  in 
Minnesota  was  the  first  part  of  the  State  to  be  settled  and  is  now  the 
most  densely  populated.  Twenty-six  towns  (see  PI.  IV)  exceeding 
1,000  population  are  situated  in  the  valley,  and  the  country  siuround- 
ing  them  is  well  occupied  by  homesteads.  The  following  table  shows 
the  distribution  of  population  by  counties: 

Table  50. — Population  of  Misnsnppi  River  basin  in  Minnesota  below  the  mouth  of  Min- 
nesota RivcTy  excluding  St.  Croix  River  basin.a 


County. 


DtkoU. 


FUlmore.. 
Goodboe. 


Hooston. 

Mow... 

Olmited.. 

Ek».. 


iUf¥ 

Wabt^ 

WMhington.* 
"Meet.. 


ToUlpopoUtion. 


U.S. 

U.S. 

census 

census 

of  1800. 
17,368 

of  1900. 

18,848 

8,800 

10,806 

25,996 

28,238 

28,806 

31,137 

14,653 

15,400 

3,390 

3,772 

4,706 

5,620 

19,806 

23,119 

136,476 

166,809 

23,786 

25,831 

11,821 

14,922 

16,972 

18,924 

2,684 

2,812 

1,650 

1,733 

33,797 

35,686 

State 
census 
of  1905. 


20,299 
10. 415 
27,216 
31,628 
15,092 
3,796 
5,286 
22,409 
201,676 
25,943 
14,984 
18,710 
2,976 
1,608 
35,836 


350,771 


403,747 


437,874 


•  The  statist  lea  of  population  in  St.  Croix  River  basin  are  given  in  Table  44,  p.  90. 
Table  51. — Density  of  population  in  Mississippi  River  basin  in  Minnesota. 


Drainage 
area. 


Inliabitants  per  square 


1890. 


'•    I 


mile. 
1900. 


Sq.  miles. 

o 19, 731 

a  16, 350 

fr  7,655 


19.8 
15.7 
11.1 


I^Mippi  River  baain  above  Ifimiesota  River 

™w>U  River  basin 

«  Croix  River  basin. ^ 

'wiillii  River  basin  above  foot  of  Lalce  Pepin: 

|DtlreafBa \     .aaksp  /    21.9 

Exdoding chief  settlements If     *^^'^  t    12.2  I 

^Xisiissippi  basin  In  Minnesota:  I  |  I 

uttrearea I      dRot^  /    56.0 

taoding chief  settlements (/      "^^'^^  \    23.9  ; 

•  Ann-  Rept.  Chief  of  Engineers,  U.  S.  Armv,  1894,  pt.  3,  p.  1704. 

b  Gannett,  Henry,  Bull.  1,  Twelfth  Census  u.  S. 

c  Measured  from  best  available  maps. 

'  Hall,  C.  W.,  Geography  and  Geology  of  Minnesota,  vol.  1,  p.  151. 


26.9  I 
25.1  I 
15.5  : 
I 
28.5  I 

16.4  I 

64.5  1 
25.3 


32.1 
26.0 

18.5 

32.3 
17.9 

69.9 
24.6 
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Mississippi  River  above  the  foot  of  Lake  Pepin  is  the  most  heavily 
polluted  stream  in  Minnesota,  As  is  shown  by  the  following  taWe, 
which  gives  the  names  of  the  principal  settlements  above  this  point 
the  distance  of  each  above  the  foot  of  the  lake,  and  the  population  tor 
three  successive  censuses. 

T\BLE  52. — Principal  settlements  in  Mississippi  River  hasin  above  the  foot  of  Lake  Pepin* 


Locality. 


Belle  Plalne 

Cannon  Falls 

Chaska 

Faribault 

Ellsworth,  Wis 

Hastings 

Hudson,  Wis 

Jordan 

Lake  City 

Minneapolis 

New  RichmoDd,  Wis. 

Northfleld 

North  St.  Paul 

Owatonna 

Prescott,  Wis 

Red  Wing 

River  Fails,  Wis 

St.  Paul 

Shakopee 

South  St.  Paul 

Stillwater 

South  Stillwater 

Waterville 

West  St.  Paul 


stream.  . 


Minnesota  River. 

Cannon  River 

Minnesota  River. 
Cannon  River 


Mississippi  River. 
St.  Crolx  River... 

Sand  Creek 

Mississippi  River. 

do 

Willow  River 

Cannon  River 


Straight  River 

St.  Crolx  River 

Mississippi  River... 
Kinnlckinnic  Creek. 
Mississippi  River... 

Minnesota  River 

Mississippi  River... 

St.  Crolx  River 

do 

Cannon  River 

Mississippi  River... 


Distance 
above 
foot  of 
Lake 
Pepin. 

Miles. 

132 
46 

110 
73 
39 
51 
63 

120 
10 
80 
78 
62 
83 
93 
48 
26 
60 
77 

106 
73 
71 
68 
93 
77 


Population. 

1890. 
814 

1900.     1 

1^. 

1,121  ' 

1.3PI 

1,078 

1.239 

IM 

2,210 

2.16S 

2.  OS 

6.520 

7,868 

8,2^ 

670 

1.0S2 

l.W 

3,705 

3,811 

3.W» 

2,885 

3.259 

3.239 

1,233 

1.270 

1.311 

2,128 

2,744 

2.817 

164,738 

202,718 

261.9T4 

1,408 

1,631 

1.S34 

2,650 

3.210  I 

3,438 

1,099 

1,110 

1,400 

3,849 

5,561 

5.6H 

911 

1,002  < 

f» 

6,294 

7,525 

8.149 

1.783 

2,008 

2.30D 

133,156 

163,065 

197.083 

1,757 

2,047 

2.089 

2,242 

2,322 

3,458 

12.004 

12.318 

12.43S 

1,453 

1,422  , 

1.5:3 

937 

1,260 

1.3® 

1,506 

1,830 

2,100 

Total ' ' I    357.129       433,558,      531,068 


By  reference  to  this  list  and  to  Table  51  **  the  position  of  pollution 
foci  on  the  three  ^eat  streams  which  unite  to  form  low^er  Mississippi 
River  and  the  relative  danger  from  human  habitations  on  this  water- 
shed can  be  seen.  Upper  Mississippi  Valley  is  the  largest  area  and  has 
also  the  greatest  density  of  population.  MinneapoUs  in  that  basin  is 
the  chief  pollution  center.  St.  Croix  drainage  area,  the  smallest  basin, 
has  the  smallest  number  of  inhabitants  per  square  mile.  The  number 
of  inhabitants  per  square  mile  above  Lake  Pepin  for  the  entire  area 
is  32.3;  in  the  same  basin,  excluding  the  chief  settlements,  it  is  17.9. 
This  means  that  nearly  one-half  of  the  population  above  Lake  Pepin 
is  concentrated  in  sewered  cities.  With  a  population  of  over  450,000 
in  two  cities  60  miles  above  the  head  of  the  lake,  there  is  no  need  for 
analysis  of  the  water  to  establish  its  pollution  and  the  necessity  for 
artificial  purification  before  it  is  used  for  domestic  supply.  Practical 
experiments  at  the  price  of  human  lives  have  demonstrated  that  the 
so-called  self-purifying  power  of  streams  is  too  precarious  a  safeguard 
against  water-borne  disease.  There  can  be  no  doubt  that  sewage  dis- 
charged into  Mississippi  River  at  St.  Paul  or  at  MinneapoUs  has  time 


o  See  also  Pis.  II.  Ill,  and  IV. 
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to  reach  Lake  Pepin  before  th^  idGat^  of  .pathogenic  organisms  in  it. 
There  is,  therefore,  a  flow  of  higUy' polluted  w^tpirijito  jbhe  lake.  In 
its  comparatively  slow  journey  of  23  miles  tltfoagll  Jrhis  broad  body  of 
water  considerable  organic  matter  is  destroyed  during  ordih&ry- Wate^ 
stages.  When  the  spring  freshets  are  in  progress  and  the  current  is 
accelerated,  Lake  Pepin  is  no  longer  a  sedimentation  basin  and  the 
water  passes  through  it  in  its  worst  sanitary  condition,  with  practically 
no  purification. 

In  lower  Mississippi  basin  in  Minnesota  there  are  26  settlements 
having  a  population  exceeding  1,000,  and  among  these  are  some  of  the 
largest  cities  in  the  State.  These  cities  and  villages  are  given  in  the 
following  list : 

Tablb  53. — SettUments  in  Mississippi  River  basin  in  Minnesota,  below  Minnesota  River. 


Locality. 


Stream. 


Caledonia 

CumoQ  Falls... 

QutlWM 

Faribault 

Hastiogs 

Kaaon 

Kenyon 

UteQty 

LaMsboro 

Sorthfield 

North  St.PaaL. 

Owatonna 

Baimrtew 

Preston 

RedWl^ 

Rochester 

Ktuhford 

St.  Charles 

St.  Paul 

Sooth  St.  Paul.. 
5prti«VaDey... 
Wihasha....... 

WatervUle 

W«t8t.PauL.. 

WiDona 

Zooibrota. 


Total. 


Crooked  Creek 

Cannon  River 

Mill  Creek 

Cannon  River 

Mississippi  River 

Branch  oi  Zumbro  River. 

.  ..do 

Mississippi  River 

Root  River 

Cannon  River 


Straight  River. 


Root  River 

Mississippi  River 

Zumbro  Kiver 

Root  River 

White  River 

Mississippi  River 

do 

Spring  Valley  Creek. 
Mlssisdppl  River.... 

Cannon  River 

Mississippi  River 

do 

Zumbro  River 


!  Distance ' 
I    above 
I    State 
I     line. 

I    Miles.    ' 
'  22 

I  138  I 

I  100  I 

165  ' 

145 

150 
;  115 

I  100 

65 
I  154 

I  180  I 

185  ' 
45  : 
I  80  I 

,  118 

145 
50  I 
I  45 

170  i 

I  100  ' 

go 

I        1^  I 

'  170  I 

I  61 

135 


1890 


Population. 


1900. 


1905. 


I 


927 
1,078 
1.335 
«,520 
3,705 

992 

Gee 

2,128 
898 


3,849  I 


0,294  I 
5,321  I 

968  I 
1, 178  ' 
133, 156  , 
2,242  , 
1,381  I 
2,487  ; 

937  I 
1,596 
18,208 


1,175 
1,239 
1,426 
7,868 
3,811 
1,112 
1,202 
2,744 
1,102 
3,210 
1.110 
5,561 
1.038 
1.278 
7,525 
6.843 
1,062 
1.304 
163.065 
2,322 
1,770 
2,528 
1,260 
1,830 
19, 714 
1,119 


1,405 
1.460 
1,300 
8.279 
3.810 
1,049 
1.252 
2,877 
1.041 
3.438 
1.405 
5.651 
1,140 
1.320 
8,149 
7,233 
1,133 
1.238 
197,023 
3,458 
1,573 
2,619 
1,383 
2,100 
20,334 
1,129 


200,491  I    242,792 


495,933 


With  70  inhabitants  per  square  mile  this  is  the  most  densely  popu- 
lated district  of  the  State,  and  over  one-half  of  this  number  are  in 
cities,  one  of  which,  St.  Paul,  is  the  city  second  in  size  in  Minnesota. 
Most  of  the  settlements  are  old;  some  have  reached  their  maxi- 
mum development  and  are  now  decreasing  in  size.  In  general  they 
do  not  show  such  advance  in  sanitary  matters  as  do  similar  communi- 
ties elsewhere  in  the  State,  for  of  the  32  principal  settlements  7  have 
iH)  public  waterworks,  2  have  waterworks  for  fire  protection  only,  and 
only  13  have  public  sewerage. 

Typhoid  fever. — Records^  of  typhoid  fever  are  extremely  fragmen- 
tary, and  do  not  adequately  represent  its  true  prevalence.  The 
disease  is  frequently  found  both  in  the  cities  and  in  the  country. 


102 


QUALITY    OF   SURFACE    WATERS   IN   MINNESOTA. 


Although  some  cases  are  impor^ted^  th^  spread  of  the  disease  and  i 
general  continuation  is  prob^bjy  due  to  unsanitary  conditions  intl 
small  yii}agesland^t-o  the  lack  of  proper  sewage  disposal,  on  accom 
at  whichlhe  shallow  wells  used  as  sources  of  supply  become  infecta 

QUALITY    OF   WATER. 

The  Mississippi  unites  with  the  Minnesota  just  above  St.  Vti 
Thirty-two  miles  farther  downstream  the  St.  Croix  enters  the  Misi 
sippi  from  the  north.  Both  tributaries  are  large  and  the  water  fra 
each  of  them  constitutes  an  appreciable  percentage  of  the  flow  of  ti 
main  stream.  As  a  result,  therefore,  the  water  of  the  lower  Miaii 
sippi  River  shows  a  quality  that  is  less  representative  of  the  regioi 
immediately  bordering  its  banks  than  of  the  three  great  areas  ftti 
which  its  headwaters  are  derived.  The  dissolved  and  suspended  ingn 
dients  not  only  have  this  composite  nature  but  the  amount  of  ed 
constituent  varies  measurably  with  the  rise  and  fall  of  the  tributiij 
that  introduces  it.  A  sudden  rainfall  in  upper  Mississippi  IM 
causes  a  flood  and  a  resultant  increase  of  flow  at  Winona;  thep* 
centage  of  water  from  upper  Mississippi  drainage  area  is  relatiTBJf 
increased  and  the  mineral  constituents  that  are  most  abundant  a 
that  region  will  be  found  to  increase  in  Mississippi  River  at  Winom 
A  freshet  on  Minnesota  River  causes  a  similar  fluctuation  in  tb 
ingredients  peculiar  to  that  locality.  Table  54  gives  general  ava^ 
ages  for  the  various  estimates  made  on  the  waters  of  the  three  tribo- 
taries,  together  with  the  size  of  each  drainage  area. 

Table  54.  —Quality  of  water  of  chirf  confluents  of  lower  Mississippi  River. 

[Parts  per  million.] 


r)<'t<*nninjilion. 


I       Ipper 
I   Mississippi 
River  (drain- 
j     age  area 
1 19,731  square 
I       miles) .       I 


Minnesota 
River  (drain- 
age aroa 
16,350  square 
miles) . 


I    StCroii 
.' River  (di»* 

7,655  sqotf 
I     miiwi- 


Color.... 

Odor 

Turbidity 

Cliiorlne 

Sulphuric  acid 

Ailcalinity 

Total  hardness 

Iron 

Total  n^sidue 

Soluble  n\siduo 

Free  ammonia 

Albuminoid  ammonia . 

Nitrates 

Nitrites 


50 
2  V. 


90 


<7 

70 

14 

.9 

6.4 

IP 

Trace. 

178 

Tnff- 

151 

220 

9 

m 

470 

9 

Trace. 

Trace. 

TiHf 

189 

55<> 

\» 

16 

143 

9 

.» 
.9 

.191 

.193 

.475 

.454 

.05 

.16 

.000 

.009 

-.- 

By  comparison  of  the  figures  it  is  seen  that : 

1.  Upper  Mississippi  and  Minnesota  basins  are  nearly  equal  insitf 
while  St.  Croix  basin  is  less  than  half  as  large  as  either  of  the  otte 
two.  This  comparison  gives  some  idea  of  the  relative  amount  of  (fr 
charge  from  each  stream. 
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2.  The  water  of  St.  Croix  River  is  higher  in  color  and  generally 
lower  than  that  of  the  other  two  streams  in  all  other  amounts  esti- 
mated. The  difference  is  especially  noticeable  in  alkalinity,  total 
hardness,  and  residues. 

3.  The  water  of  upper  Mississippi  River  is  higher  than  that  of  St. 
Croix  River  but  much  lower  than  that  of  Minnesota  River  in  alkalinity, 
total  hardness,  and  residues. 

4.  Minnesota  River  water  has  the  lowest  color,  the  greatest  amount 
of  suspended  matter,  and  the  highest  mineral  solids. 

It  is  to  be  expected,  therefore,  that  increased  discharge  from  Minne- 
sota River  will  increase  the  mineral  content  of  the  lower  Mississippi 
and  will  cause  especially  a  rise  in  turbidity  and  alkalinity.  An 
increased  discharge  from  St.  Croix  River,  on  the  other  hand,  will 
cause  an  increase  in  color  but  will  lower  the  percentage  of  mineral 
matter. 

The  average  quality  of  upper  Mississippi  River  water,  as  shown  in 
Table  54,  is  determined  from  analyses  made  above  Minneapolis  and 
consequently  above  the  pollution  introduced  from  that  place.  It  is 
probable,  therefore,  that  the  nitrogen  determinations  made  do  not 
represent  the  quaUty  of  the  water  just  above  the  mouth  of  Minnesota 
River.  In  other  constituents,  however,  the  averages  are  representa- 
tive. In  Table  65,  giving  the  results  of  analyses  of  water  in  Lower 
Missi^ppi  Valley  at  different  points,**  there  may  be  found  assays  of 
Mississippi  River  at  Hastings.  Since  this  sampling  station  lies 
between  the  mouths  of  Minnesota  and  St.  Croix  rivers,  it  represents 
the  condition  of  the  stream  after  its  confluence  with  Minnesota  River 
and  shows  the  effect  of  that  stream.  The  turbidity,  chlorine,  sul- 
phuric acid,  alkalinity,  total  hardness,  total  residue,  and  soluble 
residue  are  all  greater  than  in  the  Mississippi  above  Minneapolis,  and 
the  water  has  a  different  appearance.  Beside  the  entrance  of  strongly 
mineralized  water  from  Minnesota  River  it  has  received  gross  ppl- 
hition,  which  appears  as  decomposing  sewage  and  other  refuse,  from 
a  population  of  over  450,000  at.  Minneapolis  and  St.  Paul.  The 
examinations  made  at  Red  Wing  show  the  quality  of  the  water  just 
above  the  head  of  Lake  Pepin  and  below  the  mouth  of  St.  Croix 
River.  Comparison  with  examinations  made  at  Hastings  shows  that 
sulphuric  acid,  chlorine,  total  alkalinity,  total  hardness,  and  total 
residue  are  decreased  by  the  introduction  of  the  soft  water  of  St. 
Croix  River.  The  examinations  at  Wabasha  do  not  reveal  a  greater 
change  in  mineral  content  than  might  be  expected  by  reason  of  the 
introduction  of  water  from  small  tributaries. 


a  See  PI.  I  for  location  of  sampling  stations. 


104 


T 


o'Biuniu 
-uioanoo-g 


QUALITY   OF   SURFACE   WATERS   IN   MINNESOTA. 

+  +  +  4+  +  +  +I       I    I  +  +  +  +  +  +  + I  +  +  +  +  +     ■ 


^■^r^     I       §i§§§§§i8    §§§§§§§ 


0^       t^^tOw 


2i 

r 


-oiumvaaij 


i 

ft; 

a. 


:^ 


'Bjuouimv 
p]OUiuinqiv 


2 
6 


•.wpi 
-sou  uiiiniog  I 


•aiip 
-isdj    TB10JL  I 


*86dU 


•oioipiu 
ojwqdins 


I 
•duuoiqj  I 


I 


•.Oipmjnx 


•JOTOj  I 


oa  to  ■  « 


9sSii§§§  1^ 


d 


ssgsgs; 


•o  o  'O  »o  c  »o 

-^  -^  —  CI  ?l  "^ 


s^s^iss 


2siii 


i;5 

5 


So 


s^  M  ■*  ro  '^  cc 

fi  -<  ci  t-i  -^t"  c^      I  -  c  ^  c^ 


5v »?;  kc  ri  c  o 


O      •■*  QiO 


Q  iO  0>  OJ  3:        CO 
^  CI  54  ?4  ?< 


i  iiii  :i 


?i5 


H_ 

SS8§ 


■>  CI  'i  CC  C4  O 

i  t'Jcii-cicJ 


3  ?,  s  ',:• 


at  X  X  ■*     •  "9" 


g  :ggggg 


:^SIo 


iss§  !^ 


jO«aO      I    -3 


•^  CI  '-S  JC 

ci  a?  ci  .:; 


c"  c"  c 


9  >  *^"a 
,   ..  ^   ..  r.  »*  S  t'- 


^^    ^   :tttttt 


=  aj  X 
"  C  C 
Sec 
5  c  c 

'  if  if 

-GO 


t  i  ?  ! 


5.5;^.E.ST.'^.5T2^  -  S  ^  2  5  ?  ^  ^Sl-w^iS: 


rl  ft  s  i;  w 


1^ 


X  — 


■zt 


E  = 


C.2 


5  2 


tCtfi 

II 


MISSISSIPPI   BASIN    BELOW   MINNESOTA   RIVER.  105 

The  condition  of  the  organic  matter  in  the  lower  stream  is  distinctly 
diflFerent  from  that  in  the  river  above  Minneapolis.  Though  the  river 
has  received  an  enormous  amount  of  sewage,  the  albuminoid  ammonia 
averages  less  than  in  upper  Mississippi  River.  Free  ammonia  is,  how- 
ever, higher,  and  nitrites  are  usually  found,  and  both  ammonias  vary 
considerably  from  time  to  time.  In  winter  nitrites  are  generally 
found.  The  evidence  of  fecal  pollution  is  more  positive  from  the  bac- 
teriological examinations,  which  show  enormous  numbers  of  bacteria 
in  nearly  every  sample  examined.  B,  coli  communis  was  isolated  in 
pure  culture  from  all  but  three  of  the  bacteriological  samples  taken 
in  lower  Mississippi  basin,  and  this  fact  indicates  a  general  presence 
of  pollution.  It  is  unfortunate  that  more  detailed  data  could  not  be 
obtained  regarding  the  possible  purification  of  the  water  during  its 
passage  through  Lake  Pepin.  In  October,  1904,  Mississippi  River 
was  about  5  feet  above  its  normal  level  at  Wabasha,  and  the  water 
passed  swiftly  through  Lake  Pepin.  The  samples  taken  at  that  time 
show  no  appreciable  decrease  in  the  amoimt  of  organic  matter  nor  a 
great  change  in  its  condition.  Water  from  the  foot  of  the  lake  revealed 
a  trace  of  nitrites,  which  did  not  appear  at  the  head,  and  the  number 
of  bacteria  per  cubic  centimeter  was  lower  The  presence  of  B.  coli 
communis,  however,  was  established.  In  February,  1905,  samples 
taken  at  the  same  points  did  show  an  apparent  oxidation  of  organic 
matter  by  a  reduction  of  the  albuminoid  ammonia,  free  ammonia,  and 
nitrites,  and  a  slight  increase  in  nitrates.  The  number  of  bacteria  was 
reduced,  and  B.  coli  communis  was  not  isolated.  It  should  be  remarked 
in  this  connection,  however,  that  only  1  cubic  centimeter  of  water 
was  examined  for  this  bacillus,  and  it  is  possible  that  it  might  have 
been  foimd  if  larger  amounts  of  water  had  been  used. 

Examinations  were  made  of  Zumbro  River  at  Rochester  and  above 
its  mouth,  near  Wabasha.  Since  this  stream  drains  prairie  country, 
its  quality  fluctuates  greatly  with  the  season  and  the  amoimt  of  local 
precipitation.  Heavy  rains  cause  sudden  floods  in  it,  which  are  ac- 
companied by  great  increase  of  turbidity  and  organic  matter,  due  to 
the  scouring  effect  of  the  current  on  its  easily  disintegrated  banks 
and  bed.  In  winter  the  water  of  the  stream  was  found  to  be  clear  and 
sparkling  and  to  contain  a  considerable  amount  of  mineral  matter,  as 
is  shown  by  the  alkalinity  and  total  residue.  In  the  fall  it  was  in 
flood,  and  the  estimates  show  flood  conditions.  There  is  an  increase  of 
mineral  matter  during  its  course  to  the  Mississippi.  All  examinations 
showed  large  numbers  of  bacteria,  and  J5.  coli  communis  was  isolated 
m  every  case  but  one.  Straight  River  was  examined  during  the  latter 
part  of  November,  1904,  when  the  stream  was  frozen.  It  has  a  liigh 
mineral  content,  and  its  bacterial  condition  indicates  pollution.  There 
is  an  increase  of  organic  matter  at  Ch^^atonna. 
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In  1882  considerable  excitement  was  caused  at  Waterville  byll 
existence  of  supposed  poisonous  alg»  in  Lake  Tetonka  and  other 
in  that  vicinity.  Samples  of  the  organisms  were  examined 
scopically  by  Prof.  J.  C.  Arthur,  who  has  fully  reported  the  inci 
The  death  of  several  cattle  was  attributed  to  this  plant  without 
experimental  basis  for  the  popular  belief,  which  was  not  concnnedi 
by  the  above-mentioned  author. 

Mississippi  River  below  Red  Wing  may  be  said  to  vary  in  its  qiui 
according  to  the  fluctuations  of  St.  Croix,  Minnesota,  and  upper! 
sissippi  rivers.  If  examinations  were  extended  from  that  point  to 
State  border,  the  river  would  doubtless  be  found  to  increase  in 
content  on  account  of  drainage  from  the  limestone  fonnations  is 
area.  The  river  is  grossly  polluted,  and  the  sewage  introduced  hasi 
disappeared  by  the  time  the  water  reaches  Wabasha.  It  wouU 
decidedly  dangerous  for  domestic  consumption  without  purificttiii 
The  following  table  gives  a  summary  of  the  examinations  made. 

Table  56. — Summary  of  quality  of  water  of  lower  Miisissippi  River. 
[  Parts  per  million.] 


Determination. 


Color 

Odor 

Turl)i(iity 

Chlorino 

Sulnhate  radicle 

Alkalinity 

Total  hardness 

Iron 

Total  residue 

Soluble  residue 

Free  ammonia 

Albuminoid  ammonia . 

Nitrates 

Nitrites 


Maximum.  I  Avenge. 


4A 

28         1 

2  M 

2  v+1  M 

19 

13 

5.3 

ai 

25 

16 

228 

166 

233 

174 

Trace. 

Trace. 

297 

219         ! 

32 

23         1 

0.48 

a  218  1 

0.44 

0.311 

0.25 

0.13 

0.010 

Tract. 

s 

» 

1 

10 
lf4 

ir 

0 

o» 


NOTES  ON   MUNICIPALITIES. 

Twenty-two  of  the  thirty-two  settlements  hi  the  basin  use  grouwl 
water,  one  is  sii|)j)lie(l  with  river  water,  and  one  is  supplied  withbotk 
well  and  lake  water.  Eleven  cities  and  villages  are  equipped  ^ith 
sanitary  sewerage. 

Calfdoma,  Houston  Counly.— On  a  small  creek  entering  Mississippi 
River.  Water  suj)ply  is  obtained  from  an  8-inch  well,  318  feet  deep, 
passing  through  clay,  40  feet;  hard  sandstone,  30  feet;  limestone,  \^ 
feet ;  soft  sand  rock,  118  feet.  Ice  supply  is  cut  from  Crooked  Creek 
and  from  one  of  the  sloughs  connected  with  Mississippi  River.  X® 
sewerage  system.     Garbage  is  taken  outside  the  city. 

«  .\rthur.  .1.  ('..  S():r.(>Hlg:i'of  .Minn««s(»ta  supjmscd  to  I  to  poisonous:  Bull.  Minn.  Acad.  Nat.  Sci.,1!'*'^ 
vol.  2.  liiill.  4.  Apjxiulix  1.  AIj^o  .V  supposed  poisonous  seaweed  in  the  lakes  of  Minnesota:  Proc.  An 
Ass'K}.  Adv.  Sci..  IHisJ,  vol.  3-',  p.  305. 
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0an7i4m  Falls,  Croodhue  County. — On  Cannon  River,  20  miles  above 
Mississippi  River,  at  the  mouth  of  Little  Cannon  River.  Water 
supply  is  obtained  from  an  8-inch  artesian  well,  400  feet  deep;  ice 
supply  from  Cannon  River.  A  sanitary  sewerage  system  discharges 
into  Little  Cannon  River.  Grarbage  is  hauled  to  the  public  dumping 
ground  outside  the  city. 

ChcUfiddf  FiUmare  County. — On  Mill  Creek  just  above  the  north 
branch  of  Root  River.  Water  supply  is  procured  froiii  a  6-inch  well, 
200  feet  deep,  drilled  through  sand  rock  and  limestone;  ice  supply 
from  Root  River  above  the  city  drainage.  No  sewerage.  OflFensive 
garbage  is  hauled  outside  the  city  and  buried. 

Claremontf  Dodge  County. — Near  a  branch  of  Zumbro  River,  to  which 
it  drains.  No  waterworks.  Ice  supply  is  cut  from  Zumbro  River  and 
Rice  Lake.     Storm  sewerage  is  installed. 

Dakota  City,  Winona  County. — On  Mississippi  River,  18  miles  below 
Winona.     No  waterworks  or  sewerage. 

Dodge   Center,  Dodge  County. — A  short  distance  from  the  south 
middle  branch  of  Zumbro  River.     No  waterworks.     Ice  supply  taken  . 
from  Zumbro  River.     No  sewerage.     Garbage  and  night-soil  com- 
monly used  on  adjacent  farms. 

Faribault,  Rice  County. — On  Cannon  River  at  its  confluence  with 
Straight  River,  27  miles  above  Cannon  Falls.  Water  supply  is 
obtained  from  two  artesian  wells  800  and  700  feet  deep,  respectively, 
and  from  two  surface  wells  with  imcemented  brick  walls  20  feet  deep. 
Ice  supply  is  cut  from  Cannon  and  Straight  rivers.  Sanitary  sewer- 
age discharges  into  Cannon  River.  Garbage  is  hauled  to  a  dumping 
ground  on  the  outskirts  of  the  city.  Shattuck  School  for  Boys,  200 
pupils;  St.  Mary's  Hall  for  Girb,  100  pupils;  Bethlehem  Academy  for 
Girb,  70  pupils;  State  School  for  the  Deaf,  300  pupils;  State  School  for 
the  Blind,  100  pupils;  State  School  for  the  Feeble-minded,  1,000 
pupils,  are  all  located  within  or  near  the  city.  These  institutions  are 
supplied  with  city  water  and  connected  with  the  city  sewerage.** 

Farmington,  Dakota  County. — On  Vermilion  Creek,  about  20  miles 
above  its  entrance  into  Mississippi  River.  No  waterworks  or  sewer- 
age. Ice  supply  is  cut  from  Vermilion  Creek.  Garbage  is  removed 
to  a  dumping  ground  just  outside  the  village  limits. 

Bastings,  Dakota  County. — On  Mississippi  River,  3  miles  above  its 
confluence  with  St.  Croix  River.  No  waterworks  or  sewerage.  Ice 
supply  is  cut  from  Mississippi  River,  Lake  St.  Croix,  and  Lake 
Rebecca.  Garbage  is  hauled  to  the  dumping  ground  outside  the  city. 
The  Second  State  Asylum  for  the  Insane  is  located  about  2  miles  from 
Hastings.  It  has  a  private  water  supply,  derived  from  a  deep  well, 
and  a  sanitary  sewerage  system  discharging  into  Mississippi  River. 

a  Biennial  Rept.  Minnesota  State  Board  of  Health,  1901-02,  p.  284. 


108  QUALITY   OF   SURFACE   WATERS   IN   MINNESOTA. 

KassoUf  Dodge  County. — On  a  small  creek  about  3  miles  above  its 
entrance  into  the  south  middle  branch  of  Zumbro  River.  Water 
supply  is  obtained  from  an  8-inch  well,  200  feet  deep,  drilled  into  the 
rock;  ice  supply  from  small  branches  of  Zumbro  River.  Storm 
sewerage,  but  no  sanitary  sewerage  has  been  installed. 

KenyoUj  Goodhue  County, — On  north  branch  of  Zumbro  River,  20 
miles  above  Zumbrota.  Water  supply  is  taken  from  a  well  25  feet 
deep;  ice  supply  from  Zumbro  River.  No  sewerage.  Garbage  is 
hauled  to  a  public  dumping  ground  east  of  the  city. 

Lake  City,  Wdborsha  County. — On  the  shore  of  Lake  Pepin,  20  miles 
below  Red  Wing.  Water  supply  is  obtained  from  a  dug  well  in  the 
village.  There  is  also  an  emergency  connection  with  Lake  Pepin. 
Ice  supply  is  cut  from  Lake  Pepin.  A  combined  sewerage  system 
discharges  into  Lake  Pepin. 

LanesborOj  Fillmore  County, — On  Root  River,  45  miles  above  its 

confluence  with  Mississippi  River.     Water  supply  is  procured  from  a 

spring  near  the  village;  ice  supply  from  south  branch  of  Root  River 

above  the  mill-pond  dam.     No  sewerage.     Garbage  is  dumped  on  a 

*  lot  outside  the  corporation  limits. 

Northjieldy  Rice  County. — On  Cannon  River,  6  miles  above  Cannon 
Falls.  Water  supply  is  obtained  from  an  8-inch  artesian  well,  640 
feet  deep,  drilled  through  the  following  strata : 

Log  of  well  at  Northfield. 

Feet. 

Lime  rock 265 

Sand  rock 50 

Shale 225 

Sand  rock 20 

Shale 3 

Sand  rock 15 

Shale , 9 

Sand  rock 35 

Lime  rock 25 

Ice  supply  is  cut  from  Cannon  River.  A  sanitary  sewerage  system 
discharges  into  Cannon  River.  Garbage  is  hauled  to  a  dumping 
ground  outside  the  city. 

North  St.  Pauly  Ramsey  County. — Near  the  city  of  St.  Paiil.  Water 
supply  is  obtained  from  an  8-inch  well,  300  feet  deep.  There  is  also 
an  emergency  connection  with  an  adjacent  lake.  Ice  supply  is  cut 
from  a  lake  south  of  town.  No  sewerage.  There  is  no  regular 
garbage  disposal ;  it  is  usually  burned  by  individual  householders. 

Owatonna^  Steele  County. — On  Straight  River,  20  miles  above  Fari- 
bault. Water  supply  is  procured  from  five  drilled  wells — three 
8-inch  wells,  120  feet  deep;  one  5-inch  well,  90  feet  deep;  and  one 
8-inch  well,  650  feet  deep,  all  entering  rock  at  40  feet.  The  120-foot 
wells  are  driven  in  the  bottom  of  a  dug  well  20  feet  by  27  feet.     Ice 
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supply  is  cut  from  Straight  River,  above  the  mill  dam.  A  sewerage 
system  dischai^es  into  Straight  River.  Garbage  is  removed  to  the 
pubKc  dumping  ground.  The  State  School  for  Dependent  and  Neg- 
lected Children,  with  250  pupils,  is  located  at  Owatonna.  Its  water 
supply  is  taken  from  two  6-inch  wells,  260  feet  deep,  and  it  has  also  a 
private  sewerage  system  entering  the  river. 

Plainview,  WahcLsha  County.— Weiter  supply  is  procured  from  two 
deep  wells,  4}  inches  by  335  feet  and  51  inches  by  700  feet,  respectively. 
They  penetrate  60  feet  of  clay  and  are  then  drilled  through  limestone 
and  sandstone.     No  sewerage. 

Preston,  FiUmore  County. — On  South  Branch  of  Root  River,  60 
miles  above  its  entrance  into  Mississippi  River.  Water  supply  is 
obtained  from  a  spring  near  the  village,  inclosed  with  rock  and 
cement,  and  covered.  Ice  supply  is  cut  from  Root  River.  No  sewer- 
age. Oarbage  is  hauled  to  a  public  dumping  groimd  1  mile  below  the 
town. 

Bed  Wing,  Goodhue  County. — On  Mississippi  River,  just  above  the 
head  of  Lake  Pepin.  Water  supply  for  fire  protection  only  is  taken 
from  Mississippi  River;  ice  supply  from  Mississippi  River.  Sewerage 
dbcharg^  into  Mississippi  River.  Garbage  is  removed  by  a  public 
scavenger  and  buried  at  the  city  dumping  grounds.  The  Red  Wing 
Seminary,  130  pupils;  Lutheran  Ladies  Seminary,  200  pupils,  and  the 
Slate  Training  School,  with  about  400  inmates,  are  located  in  or  near 
Red  Wing.  The  water  supply  for  the  training  school  is  taken  from  a 
surface  well  15  feet  in  diameter,  sunk  in  the  sand  near  the  river,  and  a 
sewerage  system  discharges  into  Mississippi  River. « 

Rochester,  Olmsted  County. — On  Zumbro  River,  at  its  confluence 
with  Bear  Creek.  Water  supply  is  obtained  from  driven  points  and  a 
bricked  well  30  feet  in  diameter  by  30  feet  deep  on  the  banks  of  Bear 
Creek,  near  its  confluence  with  Zumbro  River.  There  is  also  *an 
emergency  connection  to  Bear  Creek.  Sewerage  discharges  into 
Zumbro  River.  The  Second  State  Hospital  for  the  Insane  (about 
1,300  inmates)  is  situated  1 J  miles  east  from  the  center  of  the  town, 
near  a  small  creek.  The  water  supply  is  obtained  from  four  8-inch 
wells.  The  private  sewerage  system  is  equipped  with  a  disposal 
plant  designed  to  purify  the  sewage  by  precipitation  and  intermittent 
filtration.  * 

Bushfordf  FiUmore  County. — On  Root  River,  at  the  entrance  of 
Buah  Creek.  Water  supply  is  procured  from  a  6-inch  flowing  well, 
565  feet  deep,  in  limestone  and  sandstone;  ice  supply  from  Root 
River.  A  sanitary  sewerage  system  is  installed,  discharging  into 
Rush  Creek.     Garbage  is  commonly  thrown  into  the  river. 

•  BteBoUl  R^t.  Minn.  Stote  Board  of  Health,  1901-2,  p.  280. 

*  Rafter  and  Baker,  Sewage  Diapoeal  in  the  United  States,  second  edition,  p.  500;  Biennial  Rept. 
)<bin.  Stote  Board  Heaitii,  1901-2,  p.  277;  Engineering  and  BoUding  Rec.,  vol.  23,  p.  72. 
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St  Charles  J  Winona  County, — On  Whitewater  River,  25  miles 
above  Mississippi  River.  Water  supply  is  obtained  from  a  10-inch 
well,  942  feet  deep,  in  sandstone.  No  sewerage.  Garbage  is  hauled 
to  a  dumping  ground  1  mile  from  the  city. 

St  Pavlf  Ramsey  County, — On  Mississippi  River,  just  below  the 
entrance  of  Minnesota  River.  The  city  water  supply  is  both  surface 
and  ground  water,  though  the  greater  part  is  from  lakes.  The  wells, 
37  in  all,  with  depths  varying  from  63  to  85  feet,  are  put  down  on  the 
shore  of  Vadnais  and  Centerville  lakes.  The  surface  supply  is  taken 
from  22  small  lakes,  5  to  20  miles  away  from  the  city,  principally  from 
Phalen,  Vadnais,  and  Pleasant  lakes.  ^  Ice  supply  is  cut  from  Minne- 
tonka.  White  Bear,  Phalen,  Bass,  McCarrons,  and  Long  lakes,  and 
from  Minnesota  River,  just  above  Fort  Snelling.  Sanitary  and  storm 
sewerage  discharges  into  Mississippi  River.  Part  of  the  city  garbage 
is  dumped  into  Mississippi  River,  but  most  of  it  is  sold  to  farmers  for 
fertilizer. 

South  St  Paul,  Dakota  County, — On  Mississippi  River,  just  below 
St.  Paul.  Water  for  the  public  supply  is  furnished  from  private  arte- 
sian welb  at  Swift  &  Co.'s  packing  house.  Ice  supply  is  cut  from 
small  lakes  in  the  vicinity.  No  sewerage.  Garbage  is  hauled  to  the 
stock  yards  and  dumped  near  the  river. 

Spring  Valley^  Fillmore  County. — On  Spring  Valley  Creek,  which 
enters  the  middle  branch  of  Root  River.  Water  supply  is  procured 
from  a  spring  a  short  distance  from  the  pumping  station;  ice  supply 
from  Deer  Creek,  3  miles  north  of  the  city.  A  combined  sewerage 
system  discharges  into  Spring  Valley  Creek.  Garbage  is  removed  t^  a 
dumping  ground,  where  it  is  buried  at  intervals. 

StewartmHey  Olmsted  County, — On  Root  River.  Water  supply  is 
obtained  from  an  8-inch  well  drilled  62  feet  in  the  rock;  ice  supply 
fropi  the  river.  No  sewerage.  Garbage  is  hauled  to  the  village 
dumping  ground. 

Wabasha,  Wabasha  County, — On  Mississippi  River,  just  below  the 
foot  of  Lake  Pepin.  No  water  supply  or  sewerage.  Ice  supply  is  cuti 
from  Mississippi  River  above  the  town.  Garbage  is  generally  biuned, 
though  some  is  dumped  into  the  river. 

WatermUcy  Lesueur  County, — Between  Lakes  Tetonka  and  Sakata, 
through  which  Cannon  River  flows.  Water  supply  is  procured  from 
an  8-inch  drilled  well,  185  feet  deep;  ice  supply  from  Lake  Sakata. 
No  sewerage.  Garbage  is  removed  to  a  pubhc  dumping  ground; 
where  animal  matter  is  usually  burned  and  other  refuse  buried. 

West  Concord,  Dodge  County, — On  north  middle  branch  of  Zumbro 
River.     Water  supply  for  fire  protection.     No  sewerage. 

a  Fanning,  M.  G.,  Observations  on  the  algse  of  the  St.  Paul  city  water:  Hinnesota  Botanical  Studies, 
second  series,  pt.  5,  July  20, 1901,  p.  609. 
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West  Si.  Paul,  Dakota  County. — On  Mississippi  River^  opposite  St. 
Paul.  No  waterworks  or  sewerage;  ice  supply  from  Thompson  and 
Sunfish  lakes.     No  regular  garbage  disposal. 

Winona  J  Winona  County. — On  Mississippi  River,  51  miles  above 
the  southern  State  boundary.  Water  supply  is  obtained  from  two 
shallow  wells  in  Riverside  Park  near  the  river.  There  is  an 
emergency  connection  from  Mississippi  River  to  the  north  shallow 
well.  Ice  supply  is  cut  from  Mississippi  River  and  Lake  Winona. 
Separate  storm  and  sanitary  sewerage  equipped  with  Shone  auto- 
matic ejectors  dischai^e  into  Mississippi  River.  There  is  no  public 
garbage  disposal. 

Zumbrotay  Goodhue  County. — On  Zumbro  River,  50  miles  above  its 
entrance  into  Mississippi  River.  Water  supply  is  obtained  from 
a  well  drilled  210  feet  deep  into  limestone;**  ice  supply  from  Zumbro 
River.  No  seweri^e.  Garbage  is  hauled  to  the  public  dumping 
ground. 

ST.  IX)UI8  RIVER  BASIN. 

GENERAL  DESCRIPTION. 

Boundaries. — ^This  area  includes  a  small  but  important  section  in 
the  northeastern  part  of  the  State,  north  and  west  of  Lake  Superior. 
It  is  bounded  on  the  north  by  Rainy  River  draini^e  area,  from  which 
it  is  separated  by  the  highest  elevations  in  the  State.  It  is  bounded 
on  the  west  and  the  south  by  Mississippi  basin.  On  the  east  are 
the  basins  of  the  minor  tributaries  of  Lake  Superior.     (PI.  VI.) 

Character  and  slope  of  St.  Louis  River. — ^The  streams  are  in  general 
short  and  tumultuous.  They  rise  on  the  sloi>es  of  the  Mesabi  and 
Sawteeth  ranges,  and  there  are  many  rapids  and  cataracts  in  their 
courses.  The  largest  stream,  St.  Louis  River,  has  its  source  in  the 
west-central  part  of  Lake  County  and  flows  southwestward  across  St. 
Louis  County,  nearly  to  its  southwest  comer,  where  at  its  confluence 
with  Floodwood  River  it  turns  abruptly  and  flows  southeastward  for 
ibout  40  miles,  then  eastward,  in  which  general  course  it  continues 
to  its  entrance  into  Lake  Superior  at  Duluth.  Throughout  its  entire 
course  it  is  a  typical  woodland  stream,  traversing  regions  in  which  the 
pme  timber  is  now  standing  or  from  which  it  has  been  removed  but 
recently.  In  most  of  its  course  it  is  swift,  broad,  and  moderately 
(ieep,  and  it  receives  practically  the  whole  drainage  of  the  Mesabi 
Range. 

Comparatively  little  data  have  been  published  regarding  surveys 
on  this  stream,  so  that  a  proper  profile  can  not  be  presented.  Though 
it  k  rather  slu^ish  in  its  upper  section,  it  has  considerable  fall  in  its 

a  Biennial  Rep.  Minn.  St.  Bd.  Health.  1901-2.  p.  327. 
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lower  party  below  the  points  of  entrance  of  the  principal  tributi 
A  sxirvey  made  by  the  Corps  of  Engineers  of  the  United  States  i 
shows  the  slope  of  the  river  from  Floodwood  to  its  mouth.*  B 
the  entrance  of  Floodwood  River  it  falls  about  40  feet  in  6  n 
thence  to  Cloquet  Rapids  the  stream  has  little  descent,  but  at  \ 
rapids  there  is  a  natural  fall  of  5  feet  in  less  than  one-quarter 
mile.  A  short  distance  below,  at  Grand  Rapids,  the  river  fiDi 
feet  in  5  miles.  At  Knife  Falls  it  drops  20  feet  in  a  very  short 
tance  and  has  a  total  fall  of  154  feet  in  less  than  5  miles.  Tluspi 
has  been  partly  utilized  at  Cloquet.  Between  these  falls  and  li 
du  Lac  lie  the  rapids  of  the  St.  Louis,  in  the  course  of  wfaidi 
river  descends  about  460  feet.  Fond  du  Lac,  appropriately  so  mi 
because  it  is  situated  at  the  head  of  navigation  on  St.  Louis  Riv^ 
18  miles  above  Lake  Superior.  From  this  town  to  Minnesoto  Fi 
the  river  widens  out  into  a  placid  shallow  bay,  with,  a  barely 
tible  current. 

Tributaries  of  St.  Louis  River. — ^The  longest  tributary  of  St  U 
River  is  Cloquet  River,  which  rises  in  Lake  County  and, 
southwestward  across  St.  Louis  County,  enters  the  main  stream  i 
Cloquet  Rapids,  a  few  miles  above  the  village  of  Cloquet.    (See 
VI.)    The  stream  is  rapid  in  its  upper  portion,  but  becomes  ksBsi 
after  entering  the  level  parts  of  St.  Louis  County.     Its^drainigei 
is  675  square  miles.*    Whitef ace   River  lies  between  Cloquet  i 
St.  Louis  rivers  and  follows  the  same  general  direction  across 
Louis  County,  joining  the  St.  Louis  near  Floodwood.     Its  draini 
area  is  534  square  miles.''    East  Swan  River  has  its  headwaters 
the  Mesabi  Range,  near  Hibbing,  and  flows  southward  to  St.  \^ 
River.     Floodwood  River  is  also  a  western  tributary  running  soati 
ward  from  Itasca  County  into  St.  Louis  River  near  Floodwood 
drainage  area  is  257  square  miles.''     Embarrass  River  is  a  sm«fc 
tributary,  which  has  its  source  in  the  central  part  of  St.  Louis  Goum 
and  flows  southward,  crossing  the  Mesabi  Range,  passing  throoj 
several  long  narrow  lakes,  and  entering  St.  Louis  River  above  ^ 
Swan  River.     Many  smaller  streams  of  similar  character  enter  S 
Louis  River.     Woodland  lakes  are  distributed  all  over  the  bai 
They  are  of  moderate  depth  and  are  highly  colored  by  the  dissoW 
vegetable  matter  that  reaches  them.  I 

Geology, — The  geological  features  of  St.  Louis  Valley  and  the  re8t<l 
the  Lake  Superior  region  have  been  elsewhere  discussed  in  mvA 
detail.*^  A  prominent  feature  is  the  line  of  hills  comprising  the  Si*" 
teeth  and  Mesabi  ranges,  which  form  the  northern  boundary  of  th 

a  Lake  Superior  and  Mississippi  Canui,  Exhibit  F.  II.  R.  Doc.  330,  54th  Cong.,  lat  seas. 
b  Water  Powers  of  the  United  StuU's,  pt.  2.  Tenth  Cen.sus  U.  S.,  p.  72. 

e  Winchell  and  Grant,  Geol.  and  Nat.  Hist.  Survey  of  Minnesota,  Final  Report,  vol.  4,  pp.  21** 
Leith.  C.  K..  The  Mesal)i  Iron-bearing  District  of  Minnesota;  Mon.,  U.  8.  Geol.  Survey,  voL  41 
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basin  and  separate  its  waters  from  those  of  the  Rainy  River  system. 
The  rocks  of  the  range  are  old,  belonging  almost  entirely  to  the 
Archean  and  Algonkian  systems.  Though  generally  modified  by 
glacial  action,  bed  rock  is  widely  exposed  in  these  hills  and  the  drift 
is  thin  in  many  places.  South  of  these  elevations  there  is  in  St. 
Louis  County  a  broad  expanse  of  level,  often  swampy  land,  heavily 
covered  with  drift  imderlain  to  some  extent  by  Cretaceous  formations. 
Bordering  Lake  Superior  below  this  plain  there  is  another  rugged  sec- 
tion exhibiting  early  rocks  of  hard,  durable  character,  which  cause 
waterfalls  and  rapids  in  the  streams  that  cross  them.  The  most  im- 
portant formations  from  an  economic  standpoint  are  the  iron-ore 
deposits  in  the  Mesabi  district,  the  hydro-economic  influences  of 
which  are  discussed  elsewhere.**  Along  the  lake  shore  lava  is  seen 
at  many  places.  Granite,  micaceous  schists,  gneisses,  and  slates  are 
the  prevailing  rocks  all  over  the  area;  there  is  Uttle  material  to  ren- 
der the  drainage  water  hard  and  chemical  analyses  in  general  show 
amounts  of  incrustants  so  small  that  the  streams  of  this  basin  may 
be  ranked  with  those  of  the  St.  Croix  as  the  softest  in  the  State. 

INDUSTRIAL  POLLUTION. 

Little  manufactiuing  is  done  in  the  Lake  Superior  region  and  few 
establishments  exist  which  would  be  likely  to  pollute  the  streams. 

Table  57. — Industrial  establiskmenU  cansing  stream  pollution  in  Lake  Superior  basin. 

Breweries .' 2 

Gas  works 1 

Paper  mills 1 

Sawmills 15 

Tanneriee 2 

Woolen  mills 1 

Many  of  these  establishments  are  located  at  Duluth  and  their  efflu- 
ents are  discharged  into  Lake  Superior.  There  are  five  sawmills  at 
Cloquet  and  there  is  another  large  one  a  short  distance  below,  at 
Scanlon.  •  These  are  situated  along  the  banks  of  St.  Louis  River  and 
much  of  their  waste  goes  into  that  stream.  A  paper  mill  and  two 
pulp  mills,  operated  by  the  Northwest  Paper  Company,  are  also  lo- 
cated at  Cloquet.  The  groimd-wood  process  is  used  without  chemicals 
and  the  capacity  of  this  establishment  is  about  86,000  poimds  a 
day  of  news,  manila,  and  hanging  paper.* 

«  See  pp.  25,  116,  116-117. 

6  Poet's  Paper  MIU  Directory,  1895-6,  p.  19L 
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Lumbering  and  mining  are  the  chief  industries  in  the  region.  Log- 
ging was  the  first  attraction  for  explorers,  but  that  business  has  been 
far  outranked  by  iron  mining  in  the  Mesabi  district.  Statistics  regard- 
ing the  extent  of  this  industry  are  given  on  page  25,  and  the  hygienic 
condition  of  the  water  in  the  ore  is  discussed  under  the  heading  "Munic- 
ipal pollution,"  on  pages  116-117,  so  that  it  is  here  necessary  only  to 
speak  of  the  probable  effect  of  the  mine  drainage  on  the  mineral  constit- 
uents of  the  streams.  Since  the  mineral  content  of  natural  water  is 
determined  by  the  character  of  the  geologic  formations  it  traverses, 
the  drainage  from  ore  deposits  will  contain  Qompounds  similar  to  those 
that  are  most  prominent  and  most  soluble  in  the  ore  itself.  Analysis 
of  many  representative  ore  samples  from  the  Mesabi  district"  shows 
that  the  ores  contain  from  50  to  60  per  cent  of  iron,  2  or  3  per  cent  of 
silica,  less  than  one  per  cent  of  calcium  and  magnesium  and  small 
percentages  of  manganese  and  aluminum,  while  the  phosphorus  and 
sulphur  together  seldom  exceed  1  per  cent.  The  mine  drainage  does 
not  therefore  seriously  affect  the  quaUty  of  the  waters  for  boiler  use. 
Chemical  analyses  of  samples  of  mine  waters  corroborate  these  con- 
clusions.    (See  Table  58.) 

MUNICIPAL  POLLUTION. 

Lake  Superior  basin  in  Minnesota  outside  of  St.  Louis  County  is 
very  thinly  settled,  so  that  pollution  from  human  habitations  in  that 
region  is  not  yet  important.  Two  Harbors  is  the  only  large  settle- 
ment in  Lake  County,  and  the  coimtry  east  of  that  village  is  generally 
wild  and  uninhabited.  Duluth,  the  chief  center  of  population  in  St. 
Louis  Valley,  owes  its  growth  to  its  strategic  commercial  position. 
The  remarkable  growth  of  population  in  the  drainage  area  north  of 
Duluth  during  the  last  twenty-five  years  has  been  caused  almost 
entirely  by  the  discovery  and  the  development  of  the  Mesabi  iron- 
bearing  district.  All  of  the  cities  in  this  area  have  been  established 
since  1890,  and  their  location  and  their  increase  or  decrease  in  popu- 
lation have  been  coincident  with  the  development  of  mining  prop- 
erties. The  statistics  presented  in  Tables  59-62  indicate  the  enormous 
rate  at  which  settlement  has  taken  place. 

Table  59. — Population  %n  the  Lake  Superior  basin  of  Minnesota. 


Area. 

U.S. 

census, 

1890. 

U.S. 

census, 

1900. 

State 

census, 

1905. 

^Loois  baflln 

45,157 

98 
1,299 
(ft) 

78,920 
810 
4,654 
(ft) 

116,875 

*^<»k  CoQxitr 

1,462 

i^ke  County 

6,275 

f^9«m  RiTvr  iiidi*n  Reflervailon 

.362 

To4al    , 

46,554 

84,384 

124,974 

•  Leith,  C.  K..  The  Mesabi  iron-bearing  district  of  Minnesota:  Mon.  U.  S.  Oeol.  Survey,  vol.  43. 
^  lododed  in  tbe  popolatlon  of  Cook  County. 
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Table  60. — Population  in  St,  Louis  River  basin. 


Area. 


Cariton  County 

St.  Louis  County 

Fond  du  Lac  Indian  Reservation 

Totol 


1890. 


4,174 
39,083 

(•) 


45,157 


1900. 


7,239 
71,681 


78,920 


1906. 


12,069 
103,«» 


116.  g75 


a  Included  in  the  population  of  Carlton  County. 
Table  61. ^Density  of  population  in  Lake  Superior  basin  in  Minnesota. 


Area. 


Lake  Superior  basin: 

Entire  basin 

Excluding  chief  settlements. 
St.  Louis  basin: 

Entire  basin 

Excluding  chief  settlements. 

Excluding  Duluth 


Drainage 
area  in 
square 
miles. 


o7,176 


«>3,700 


Inhabitants  per  square 
mile. 


1890.       1900. 


6.5 
1.3 

12.2 
2.5 
3.3 


11.8 
2.2 

2L3 
3.6 
7.0 


1905. 


17.3 
41 

SI.  6 
7.3 
140 


a  Hall,  C.  W.,  Oeography  and  Geology  of  Minnesota,  vol.  1,  p.  151. 
f>  Measured  from  tne  best  available  maps. 

Table  62. — Principal  settlements  above  Duluth. 


Locality. 

Stream. 

Distance 
above 
Duluth. 

Population 
1890.*         1900. 

I. 

1905. 

Blwablk 

Embarrass  Lake 

Miles. 
125 
30 
100 
110 
120 

1,299 
3,072 
2,752 
2,481 
2,962 

946 

Cloquet 

St.  Lotiis  River 

2,530 

6,117 

Eveleth 

Small  crwk 

Hibbing 

Penobscot  Creek 

6;  506 
6  066 

Virginia 

Silver  Lake 

12,566 

25,017 

A  Information  regarding  population  is  Incomplete. 

The  Mesabi  district,  a  strip  across  St.  Louis  County  on  the  northern 
border  of  St.  Louis  drainf^e,  is  the  chief  mining  district  of  the  State 
and,  since  mining  is  the  reason  for  its  population,  the  inhabitants  are 
collected  into  small  villages  at  the  "locations,"  while  the  lands  around 
the  mines  are  generally  uncultivated  and  uninhabited.  The  principal 
mining  towns  are  Biwabik,  Chisholm,  Eveleth,  Fayal,  Hibbing, 
McKinley,  Missabe  Mountain,  Mountain  Iron,  Sparta,  and  Virginia. 
In  some  of  these  places,  particularly  in  Eveleth,  the  mine  water  has 
undoubtedly  been  the  cause  of  considerable  typhoid  fever.  The 
porous  ore  body  contains  more  or  less  water,  which  must  be  removed 
for  successful  operation.  From  the  standpoint  of  the  hydraulic  engi- 
neer it  is  economical  to  utilize  this  water  for  domestic  purposes,  but 
from  the  sanitarian's  standpoint  it  is  dangerous.     The  mines  are 
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inhabited  by  largo  numbers  of  men,  one  or  two  of  whom  are  always 
likely  to  have  an  infections  disease.  The  miners  commonly  urinate 
and  defecate  in  the  mines,  the  drainage  from  which  reaches  the  sumps, 
whence  the  water  is  pumped  to  the  surface.  When  this  infected  water 
is  used  for  a  public  supply,  serious  epidemics  usually  result.  Whether 
the  water  from  imused  shafts  is  dangerous  is  a  debatable  matter,  but 
it  should  always  be  regarded  with  suspicion  until  a  thorough  inspection 
has  demonstrated  that  the  shaft  which  is  being  utilized  is  not  con- 
nected by  seams  or  faults  or  artificial  passageways  with  a  mine  in 
operation.  In  considering  the  probable  pollution  of  underground 
water  by  the  dejecta  of  miners,  it  may  be  noted  that  B.  coli  communis 
was  isolated  in  three  out  of  four  examinations  of  the  town  supply  of 
Eveleth,  which  was  taken  from  a  shaft  mine,  and  was  not  found  in 
that  of  Biwabik  village,  the  supply  for  which  is  taken  from  a  deep  shaft 
dug  for  water  supply,  nor  in  the  supply  of  Hibbing,  which  comes  from 
an  old  prospecting  shaft.  The  cities  of  Hibbing,  Eveleth,  and  Vir- 
ginia are  equipped  with  sewerage  systems,  which  discharge  into  tribu- 
taries of  St.  Louis  River.  The  other  towns  have  no  public  sewerage 
as  yet,  and  the  use  of  privies  and  cesspools  is  general. 

The  St.  Louis  basin,  between  the  Mesabi  district  and  Cloquet,  is  now 
but  slightly  populated  and  contains  much  forest  and  swamp  land. 
Floodwood  and  Swan  River  are  small  villages. 

Between  Cloquet  and  Duluth  the  riter  basin  is  more  thickly  popu- 
lated on  accoimt  of  the  gradual  extension  of  the  city  suburbs  and  the 
development  of  water  powers  on  the  river.  Scanlon,  Carlton,  and 
Fond  du  Lac  are  small  villages  in  this  section.  The  figures  given  in 
Table  61,  showing  the  density  of  population  in  the  basin  excluding  the 
chief  settlements,  do  not  adequately  represent  the  condition,  because 
it  was  impossible  to  learn  the  population  of  many  of  the  small  villages. 
As  a  matter  of  fact,  the  population  of  St.  Louis  basin  is  concentrated 
in  Duluth,  two  or  three  large  sawmill  towns,  and  the  mining  locations 
of  the  Mesabi  district.  Except  these,  the  region  contains  only  a  few 
scattered  farms  in  its  southern  part,  and  the  county  in  general  is 
unsettled. 

QUALITY  OF  WATER. 

The  first  series  of  samples  collected  in  St.  Louis  basin  was  taken  in 
the  early  winter  of  1903,  just  after  the  lakes  and  streams  had  become 
icebound.  The  second  series  was  taken  during  February,  1904,  under 
similar  conditions.  The  third  series  was  taken  in  the  spring  of  1904, 
jiKt  after  the  ice  had  gone  out,  when  the  stream  showed  flood  condi- 
tions at  many  places.  The  fourth  series  was  taken  in  the  fall  of  the 
same  year,  while  the  streams  were  open.  The  fifth  series  was  taken  at 
Cloquet  during  the  winter  of  1905,  while  the  river  was  icebound. 
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Most  of  the  samples  examined  were  collected  from  small  lakes 
adjacent  to  the  miniTig  towns  in  the  iron  range.  (See  PI.  VI  and 
Table  63.)  Silver  Lake,  at  Virginia,  is  a  small,  shallow  body  of  water, 
which  is  connected  at  its  upper  end  immediately  with  Virginia  Lake 
and  discharges  by  a  small  brook  to  Threemile  Lake.  Neither 
Silver  Lake  nor  Virginia  Lake  exceeds  one-half  mile  in  diameter  or 
20  feet  in  depth,  and  both  receive  much  infiltration  from  the  city. 
They  are  used  for  log  storage.  They  show  high  color  and  low  chlo- 
rine, sulphuric  acid,  alkalinity,  and  total  hardness.  The  albuminoid 
ammonia  is  fairly  high  and  nitrites  are  generally  present.  B,  coli 
communis  was  isolated  in  pure  culture  from  every  sample  taken  from 
these  lakes.  Samples  were  collected  from  Ely  Lake  at  Sparta  and  at 
Eveleth.  This  body  of  water  is  considerably  larger  than  either 
Sihrer  or  Virginia  Lake.  Though  possibly  as  much  lumber  is  floated 
in  it,  the  effect  of  the  logging  operations  is  different  because  the 
volume  of  water  is  greater  and  the  timber  is  stored  for  shorter  periods. 
In  this  water  the  color  and  all  of  the  dissolved  constituents,  including 
the  nitrogenous  matter,  are  low.  B.  coli  communis  was  isolated 
in  only  one  sample,  though  it  might  have  been  found  if  amounts 
larger  than  1  cubic  centimeter  had  been  examined.  St.  Marys 
(or  Virgin)  Lake,  about  3  miles  from  Eveleth,  is  a  small  deep  body  of 
water  surrounded  by  woods.  At  the  time  samples  were  taken  from 
this  lake  logging  operations  were  not  in  progress  on  its  shores  and 
there  were  no  logs  in  the  water.  As  compared  with  the  other  lakes  it 
is  lower  in  color  and  in  organic  constituents,  especially  albuminoid 
ammonia.  The  water  is  very  soft,  has  practically  no  turbidity,  but 
sometimes  has  a  slight  vegetable  odor.  Its  bacterial  content  is 
extremely  low  and  B.  coli  communis  was  not  isolated.  .  Longyear 
Lake  lies  on  the  eastern  border  of  Chisholm  village.  A  sawmill  is 
located  on  its  eastern  shore  and  the  water  is  continually  used  for  log 
storage.  It  has  very  high  color  and  odor.  It  is  low  in  mineral  and 
other  contents  and  is  probably  the  softest  water  that  was  examined. 
B.  coli  communis  was  isolated  from  two  samples.  Embarrass  Lake 
is  an  enlargement  of  Embarrass  River,  long,  narrow,  and  shallow. 
It  lies  abottt  three-quarters  of  a  mile  east  of  Biwabik,  and  is  separated 
from  it  by  a  high  ridge.  Logs  are  driven  on  Embarrass  River,  and  the 
lake  generally  contains  a  large  number.  The  water  is  high  in  color 
and  the  albuminoid  ammonia  is  usually  excessive.  It  is  soft  and 
contains  practically  no  sulphates,  chlorine,  or  suspended  matter. 
Its  bacterial  content  is  not  particularly  high  and  B,  coli  communis 
was  not  found. 

St.  Louis  River  was  sampled  (a)  above  all  sources  of  pollution  at 
Cloquet,  (5)  just  above  the  paper  mill  below  the  village  and  (c)  at 
Scanlon,  3  miles  by  river  below  Cloquet.  Comparison  of  the  three  sam- 
ples of  each  set  shows  almost  identical  organic  content,  and  the  slight 
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variations  are  quite  as  likely  to  be  due  to  refuse  from  the  sawmills  at 
Cloquet  or  to  normal  fluctuations  in  the  water  as  to  pollution  from  the 
village.  Five  large  sawmills  stand  along  the  river  between  the  points 
at  which  the  first  and  second  samples  were  taken,  but  since  the  water 
is  full  of  logs,  which  probably  cause  its  high  color,  it  is  not  possible  to 
determine  from  the  examinations  whether  the  mills  increase  its 
organic  content.  B,  coli  communis  was  isolated  once  from  water  taken 
above  Cloquet  and  in  every  sample  but  one  taken  below  the  village. 

The  waters  of  this  basin  are,  in  general,  extremely  soft.  The  dis- 
solved minerals  are  principally  small  amounts  of  bicarbonates  of  cal- 
cium and  magnesium.  Sulphates  and  chlorides  are  present  only  in 
very  small  amounts.  Table  63  gives  an  average  of  11  examinations 
of  St.  Louis  River  near  Cloquet,  which  shows  the  general -quality  of 
the  discharge.  It  is  especially  noteworthy  that  Silver,  Virginia, 
Longyear,  and  Embarrass  lakes  and  St.  Louis  River  at  Cloquet,  all 
of  which  contain  great  numbers  of  logs,  show  high  color,  and  a  vege- 
table odor;  while,  on  the  other  hand,  Ely  and  St.  Marys  lakes,  which 
are  not  so  much  used  by  lumbering  firms,  show  comparatively  low 
color.  It  is  possible  that  log  extract  is  not  the  only  source  of  the  color, 
but  it  is  fair  to  infer  from  the  data  at  hand  that  it  is  the  chief  source. 
It  should  be  mentioned  in  this  connection  that  St.  Louis  basin  below 
the  Mesabi  Range  is  largely  swamp  land,  and  the  drainage  from  this 
area  may  be  in  part  a  cause  of  the  color.  Iron  was  f  oimd  only  in  very 
small  'amounts.  The  tast  for  iron  was  made  by  thoroughly  oxidizing 
the  sample  with  nitric  acid  and  developing  the  potassio-ferric  sulpho- 
cyanide.  A  qualitative  examination  of  the  sample  taken  from  St. 
Louis  River  above  Cloquet  on  October  31,  1904,  was  made  to  deter- 
mine the  nature  of  the  coloring  matter.  Twenty-five  hundred  cubic 
centimeters  of  the  sample  were  evaporated  to  dryness  on  the  water 
bath  and  the  residue  was  tested  with  various  reagents.  It  consisted 
almost  entirely  of  organic  matter  of  vegetable  origin,  and  the  color  of 
the  dissolved  residue  was  affected  by  change  in  the  reaction  from  acid 
to  alkaline  or  vice  versa.  It  was  apparently  a  solution  of  tannin  and 
vegetable  extractives. 

St.  Louis  River  at  Cloquet  shows  the  same  seasonal  variations  that 
are  exhibited  by  other  rivers  in  the  State.  In  winter  the  color,  the 
turbidity,  and  the  organic  content  are  decreased,  while  the  total 
residue,  total  hardness,  and  alkalinity  are  increased. 

NOTES  ON  MUNICIPALITIES. 

Four  of  the  thirteen  places  in  this  basin  have  well-water  supplies 
and  four  have  lake-water  supplies.  Six  municipalities  report  sani- 
tar}^  sewerage. 

Biwahik,  St.  Louis  County, — Near  Embarrass  Lake,  which  is  con- 
nected with  St.  Louis  River  by  Embarrass  River.     Water  supply  is 
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obtained  from  a  well  in  the  village,  dug  and  timbered  9  feet  by  9  feet 
square,  extending  through  100  feet  of  clay  and  7B  feet  of  sand  and 
gravel.  Ice  supply  is  procured  from  Ely  Lake  at  Sparta.  No  sewer- 
age. Garbage  is  hauled  to  a  pubUc  dump  1  mile  from  the  village  and 
burned  as  thoroughly  as  possible. 

Cadton,  Carlton  County, — Near  St.  Louis  River  and  below  Cloquet. 
No  waterworks  or  sewerage.  Ice  supply  is  cut  from  a  mill  pond  on 
Otter  Creek  and  from  Chub  Lake.  Garbage  is  hauled  to  the  village 
dumping  ground  and  burned. 

Chisholm^  SL  Louis  County, — On  Longyear  Lake.  A  public  water 
supply  is  installed;  source  of  water  not  reported.  Garbage  is  buried 
at  the  pubUc  dumping  grounds. 

Cloquet,  Carlton  County, — On  St.  Louis  River  a  few  miles  below  its 
confluence  with  Cloquet  River.  No  pubUc  waterworks.  Ice  supply 
is  cut  from  St.  Louis  River  above  the  village.  Sanitary  sewerage 
discharges  into  St.  Loids  River.  Garbage  is  hauled  to  dumping 
grounds  away  from  the  village  and  burned. 

Duluth,  Si,  Louis  County, — ^At  confluence  of  St.  Louis  Bay,  the 
lower  part  of  St.  Louis  River,  with  Lake  Superior.  Water  supply  is 
obtained  unfiltered  from  Lake  Superior,  8  miles  east  of  the  center  of 
the  city,  by  an  intake  which  extends  1,500  feet  into  the  lake  and  is 
6o  feet  under  water.  Ice  supply  is  obtained  from  Spirit  Lake  and 
from  Lake  Superior.  Separate  sanitary  and  storm  sewerage  systems 
discharge  into  Lake  Superior.  Garbage  was  formerly  dumped  on 
the  bay  front,  but  a  modem  crematory  is  now  being  ifistalled.  A 
State  Normal  School  and  large  hospitals  are  located  at  Duluth. 

Evdeth,  St,  Louis  County. — On  a  small  creek  that  enters  Swan 
River,  a  tributary  of  the  St.  Louis.  Water  supply  is  taken  imfiltered 
from  Lake  St.  Marys  (Virgin  Lake),  about  3  miles  from  the  city.  Ice 
supply  is  cut  from  Lakes  Ely  and  St.  Marys.  A  sanitary  sewerage  sys- 
tem discharges  into  the  creek  west  of  town,  near  Spruce  Location. 
Garbage  is  regularly  collected  and  hauled  outside  the  city  limits. 

nibbing,  St,  Louis  County, — Drainage  is  carried  by  small  creeks  to 
Little  Swan  River.  Water  supply  is  obtained  from  an  old  prospecting 
^laft,  215  feet  deep,  passing  through  the  following  strata: 

Log  of  well  at  Hibbing,  St.  Louis  County. 

Feet. 

^«riace  floil  and  gravel 6 

Blue-clay  hardpan 55 

Qtiickaand 10 

Haidpan 7 

" PJdnt  rock"  and  iron  ore 127 

Ice  is  shipped  in  from  Lake  Ely  at  Sparta.  Sanitary  sewerage 
discharges  info  Penobscot  Creek  2  miles  south  of  the  city.  Garbage 
is  taken  to  a  dumping  groimd  outside  of  the  city  and  burned. 
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McKirUeif,  Si,  Louis  Ckmnty. — ^n  the  shore  of  a  small  lakp 
nected  with  St,  Ijouis  Rirer.  Water  supply  is  deriTed  from  i 
welhf  5  inches  iii  diameter  by  40  feet  deep,  on  the  shore  of  t!if  li 
paBsing  through  blue  clay  ^l  feet  and  tlie  rest  in  quickBand. 
water  is  filtered  through  a  chamber  containing  crushed  rock, 
provision  is  made  for  the  use  of  alum  coagulant  if  nec^ssar}, 
supply  is  taken  from  the  lake.  No  sewerage.  Garbage  is  h&u\ 
the  village  dumping  grouad. 

ProctorknoU  (ProctQr  jx^st-qfice),  St  Lcm-is  Oounty.~On  Kin^k 
Cret^k,  which  enters  St,  Louis  Bay*  No  waterworks  or  ^wen 
Ice  supply  cut  from  Kingsbury  Creek. 

Scanhn^  Carlton  CmiMy. — Throe  miles  below  Cloquet,  on  St.  I> 
River,  No  waterworks  or  sewerage.  Ice  is  ishippcd  in  from  C1o<|lj 
Garbage  lb  collected  at  regular  inter^^als  and  deposited  outbid 
village  limits, 

Sparkij  St  Louis  (hunty. — On  west  shore  of  Lake  Ely.    Wi 
supply  is  taken ^  unfiltered,  from  Lake  Ely,  which  is  at  times 
cially  in  the  spring,  exposed  to  local  pollution.     Ice  supp 
fn^m  Lake  Ely.     Considerable  ice  is  sent  from  Sparta  to  nei 
cities  and  villages.     No  sewerage* 

Two  HarhorSj  Lake  Gmmty.— On  north  shore  of  Lake  Superior, 
miles  east  of  Duluth,  Water  supply  is  taken  from  Lake  SupeniS 
without  filtration,  by  a  20-inch  intake  pipe  extending  620  feet 
the  lakej  with  inlet  56  feet  under  water.  Ice  supply  is  cut  frol 
Lake  Superior,  A  combineil  storm  ami  sanitarj^  sewerage  dischaipi 
into  Agate  Bay.  Garbage  is  regularly  removed  to  the  pubhc  dump 
ing  grounds, 

Vir^iniUf  SL  Louis  County. — On  the  shores  of  Virginia  and  SiN 
lakes.  Water  supply  is  obtained  from  a  well  on  the  shore  of  Sil^ 
Lake^  with  an  emergei»cy  connection  to  Silver  Lake.  Consuin^J^ 
ice  is  cut  on  St.  Mark's  Lake.  Ice  for  cold-storage  purposes  ii^  ^ 
on  Silver  Lake.  Sewerage  discharges  into  Threemilej  or  MbsU^ 
noda^  Lake. 

RED  JtrVER  BA8IK, 
GENERAL  DESCRIPTION, 

Boundaries. — Red  River  drainage  area  in  Minnesota  is  boundi^ 
on  the  east  by  Rainy  River  area  and  by  Mississippi  basin,  on  ^ 
south  by  Minnesota  River  drauiage  area,  on  the  west  by  the  M' 
tas,  and  on  the  nortli  by  Canada  and  minor  tributaries  of  Red  Ei^ 
The  river  forms  the  boundary  between  North  Dakota  and  Mifl* 
sota.     (PI,  VIL) 

This  section  treats  essentially  of  that  part  of  Red  River  drainJI 
area  winch  lies  in  Minnes<jta^  hut  comprises  also  descriptioni  d 
three  principal  North  Dakota  cities  on  Red  River  and  a  few  I 
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ganic  analyses  of  water  from  western  tributaries,  procured  from 
divers  sources.  Laboratory  examinations  were  made  of  samples  in 
Red  River  Valley  as  far  north  as  Grand  Forks,  N.  Dak.,  where  Red 
Lake  River  joins  the  main  stream.  No  samples  were  collected  from 
tributaries  in  North  Dakota  and  no  field  work  was  done  in  that 
State;  consequently  the  conditions  in  the  western  half  of  the  drain- 
age area  can  be  only  briefly  mentioned. 

Chamcter  and  slope  of  Red  River. — Red  River  is  formed*  by  the 
confluence  of  Ottertail  and  Bois  de  Sioux  rivers  at  Breckenridge, 
whence  it  flows  northward  in  an  extremely  tortuoUs  course  between 
North  Dakota  and  Minnesota,  through  the  province  of  Manitoba, 
into  I^ke  Winnipeg.  Its  total  length  from  Breckenridge  to  the 
Canadian  boundary  is  395.5''  miles,  though  the  distance  between 
these  points  in  a  straight  line  is  only  about  half  that  mmiber  of 
miles.  Although  the  river  is  very  crooked,  it  does  not  meander 
more  than  4  or  5  miles  to  the  right  or  left,  but  has  many  short 
ox-bow  curves  in  its  windings.  It  is  a  true  prairie  stream,  having 
all  the  characteristics  of  rivers  of  that  type.  From  Grand  Forks  to 
the  border  it  is  navigated  by  flatboats  and  scows  carrying  grain  and 
other  produce.  Red  Lake  River,  the  chief  tributary,  is  navigable 
from  Thief  River  Falls  to  and  across  Red  Lake.  With  these  excep- 
tions, the  streams  of  this  region  are  not  generally  used  for  shipping, 
either  on  account  of  shallow  water  or  the  presence  of  rapids. 

Red  River  is  extremely  sluggish,  its  slope  rarely  exceeding  6  inches 
per  mile.*^  From  Breckenridge  to  Moorhead,  which  are  41  miles 
apart  in  a  direct  hne,  the  stream  runs  97  miles  and  has  a  total  fall 
of  74  feet,  34  feet  of  which  occiur  in  a  stretch  of  21  miles,  leaving 
the  average  slope  of  the  remainder  only  0.5  foot  per  mile.  From 
Moorhead  to  Grand  Forks,  155  miles,  there  is  generally  a  sUght 
slope,  except  tft  Goose  Rapids,  where  a  fall  of  13  feet  occurs  in  a 
little  over  13  miles.  In  the  143.5  miles  from  Grand  Forks  to  the 
Canadian  border  the  river  has  an  average  slope  of  about  0.24  foot 
per  mile.  From  Breckenridge  to  the  international  boundary  its 
total  fall  is  180  feet,  and  its  average  slope  in  the  United  States  is 
0.46  foot  per  mile. 

^Tnbvtaries  of  Red  River. — Of  the  two  streams  that  imite  to  form 
Red  River  the  Ottertail  furnishes  90  per  cent  of  the  stream  flow.  It 
rises  in  the  southwest  part  of  Clearwater  County  on  the  western  slope 
of  the  Leaf  Hills  and  flows  southward  to  Fergus  Falls,  passing  through 
or  uniting  with  a  great  nimiber  of  lakes  scattered  over  Becker  and 
Ottertail  counties,  the  principal  of  which  are  Height  of  Land,  Pine, 

•  Dedflion  of  the  United  States  Geographio  Board. 

*  Aim.  Rept.  Qiief  of  Esgixieen,  U.  S.  Anny,  for  1904,  pt.  1,  p.  427. 
'Ann.  Rept.  Chief  of  Englneera,  U.  S.  Amiy,  for  1875,  pt.  1,  p.  370. 
Ibid,  lot  1»4.  pt.  1,  p.  427. 

Gannett,  Henry,  Profiles  of  rivers  in  the  United  States:  Water-Sup.  and  Irr.  Paper  No.  44,  U.  S, 
Owi.  Survey. 
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Rush,  and  Ottertail  lakes.     After  its  confluence  with  the  chief 
tary,  Pelican  River,  4  miles  below  Fergus  Falls,  it  follows  a 
course  to  its  mouth.     From  Ottertail  Lake  to  Breckenridge  its 
fall  is  368  feet,  nearly  all  of  which  occurs  in  the  hilly  country  abon 
near  Fergus  Falls,  the  river  in  its  lower  portion  being  sluggish 
flowing  in  a  tortuous  course.     Bois  de  Sioux  River  is  a  small, 
dering  stream,  nearly  dry  in  summer,  forming  part  of  the  boundi 
between  the  Dakotas  and  Minnesota ;  Lake  Traverse,  its  headwiU 
is  a  long,  narrow  body  similar  to  Big  Stone  Lake,  which  lies  south 
it  and  from  tlie  bttsin  of  which  it  is  separated  by  a  low,  narrow 
of  land.     Lake  Traverse  is  1  to  IJ  miles  wide  and  15  miles  loDg,i 
its  average  depth  is  10  feet.     It  stretches  northeast  and  southwest 
a  deep  valley,  which  it  fills  from  blufl*  to  bluff.     At  its  marshy  noil 
em  extremity  the  high  banks  gradually  rece<le  and  Bois  deSia 
River  flows  from  it  85  miles  northward  to  Breckenridge.     The 
has  a  total  fall  of  21  feet.     Red  Lake  River  is  the  outlet  of  Red 
in  the  central  part  of  B(»ltrami  County.     This  body  of  water,  the) 
est  lake  tliat  is  included  entirely  within  the  State,  is  divided  into 
parts  by  a  long  cape  (^tending  from  the  east  side.     The  southweflM 
portion  is  sUghtly  larger  than  the  other  and  is  the  source  of  the 
The  lake  is  shallow  and  is  surrounded  by  marshy  woodland.    Fn 
Red  Lake  the  river  nins  westward  50  miles  to  its  junction  with  TH 
River  at  Thief  River   Falls.      This  upjx^r  portion  of   the  stream i 
navigable,  and  regular  wat<T  connminication  is  maintained  durii 
the  ()i>en  st^ason  l)otwoen  Tliic^f    River    Falls   and   the   small  setlk 
ments  on   Red  Lake.     In  its  sout Invest (M-n  course  to  CVookston  li 
river  traversers  several  falls  and  rapids,  so  that  it  is  not  there  navigi 
ble.     Below  Crookston  it  winds  westward  again  as  a  sluggish  praiii 
stream  to  its  confluence  with   Red   River  at  Grand  Forks,  N.  Di 
Its  total  fall  from  Red  I^ake  to  Grand  Forks  is  probably  not  lesstha 
400  feet.^     Other  smaller  tributaries  of    Red  River   are  Wild  Kic^ 
Sand  Ilill,  Snake,  and  Two  liivers  in  Minnesota,  and  Pembina,  Chej- 
enne,  and  Wild  Rice  rivers  in  Nortli  Dakota. 

TopogrnpJry.  -The  basin  cojisists  of  two  sections — a  central,  rolli< 
prairie  and  a  surrounding  hilly  country,  which  is  also  prairie  landbi 
rather  more  un(hda*ting  than  the  lower  part .  The  eastern  or  hilly  [A 
of  the  basin  is  forested  and  contains  many  lakes;  the  lower  or  praiA 
portion  along  the  main  stream  (•oin])nsos  many  swamps,  as  well* 
sites  of  swamj)s  that  have  been  (brained  by  ditches. 

(rtologi/.-  Since  the  entire  basin  of  RcmI  River  in  Minnesota  is  co^' 
ered  with  thick  <^lacial  de])osits.  nearly  all  information  regarding tl* 


o  Though  KM  Lake  iscomiuoiily  n-^anir<l  as  tho  sourer  of  Hi-d  J.ake  Kiver,  that  name  is  also  tp^ 
to  the  largest  triliuiiiry  of  lird  I.iikr.  which  ri.-.s  in  Ljikr  .hiliii..  in  Nohish  township,  Beltrami  C<Htf^' 
uV'OUl  10  inll«'S  south  of  IU"I  Lake. 

t  Water  I'owcrs  of  tlie  Uuite<i  .Statt^s.  pt.  2,  scr.  1,  j).  IM),  Tonth  Census  V.  8. 
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underlying  rocks  must  be  derived  from  an  examination  pf  well  borings. 
Fortunately  a  large  number  of  deep  wells  have  been  bored  all  over 
the  area,  and  from  the  record3  of  these  borings  considerable  data  con- 
cerning the  geology  of  the  section  have  been  obtained.  The  older 
formations  throughout  the  greater  part  of  the  basin  are  covered  by 
Cretaceous  rocks,  upon  which  rests  a  heavy  mantle  of  Pleistocene 
deposits.  The  older  rocks  have,  however,  practically  no  influence  on 
the  quality  of  surface  waters  in  the  valley  of  Red  River.  The  Cre- 
taceous rocks,  on  the  other  hand,  through  their  alkaline  contents, 
have  an  importiint  influence.  The  stratified  materials  of  this  system 
in  Red  River  Valley  have  been  described  in  full  by  Prof.  Warren 
Upham."  The  earliest  deposits,  termed  the  Dakota  formation,  con- 
sist of  yellow,  red,  and  white  sandstone,  with  occasional  shales  and 
impure  lignites.  They  furnish  a  strong  artesian  flow  in  many  parts 
of  the  area.  Next  in  order  of  time  are  the  beds  of  the  Benton  forma- 
tion, consisting  of  shales  and  clays,  alternating  in  some  places  with 
layers  of  soft  limestone.  Above  these  lie  the  calcareous  marls  of  the 
Xiobrara  and  the  darker  colored  shales  and  clays  of  the  Pierre.  The 
latter  three  are  extensive  and  generally  encountered  by  well  borings 
sunk  throughout  the  valley.  All  of  these  rocks  are  strongly  impreg- 
nated with  alkaline  and  alkaline-earth  compounds. 

The  unmodified  drift,  from  100  to  200  feet  thick,  consists  mainly 
trf  hard  blue  till,  which  becomes  softer  and  has  a  yellow  color  near  the 
surface.  Since  all  this  material  is  largely  derived  from  the  disinte- 
gration of  the  Cretaceous  deposits,  it  is,  like  them,  strong  in  harden- 
ing constituents,  and  on  account  of  its  comparatively  loose  packing 
is  more  easily  dissolved  by  the  waters  with  which  it  comes  in  contact. 
Water  drawn  from  wells  in  the  old  drift  is  strongly  alkaline  and  often 
brackish  and  unpalatable. 

In  the  latter  part  of  the  Pleistocene  epoch  Lake  Agassiz  covered  the 
greater  part  of  Red  River  basin.  This  immense  lake  found  outlet 
southward,  through  the  valley  now  occupied  by  Traverse  and  Big 
Stone  lakes  and  Minnesota  River.  The  traces  of  its  existence  con- 
sist of  the  beaches  it  left  in  its  gradual  recession,  the  broad,  deep 
valley  that  formed  its  outlet,  and  the  fine,  lacustrine  silts  which  make 
Red  River  Valley  one  of  the  most  fertile  regions  in  the  world. 

SoU  and  subsoil, — The  characteristic  influence  of  the  Cretaceous 
rocks  on  the  upper  layers  of  the  drift  is  demonstrated  by  an  examina- 
tion of  Table  64,  which  gives  the  average  composition  of  the  soil  and 
subsoil  in  Red  River  Valley  and  in  the  entire  State.  This  table  shows 
how  greatly  the  soil  here  differs  from  the  soils  in  other  parts  of  the 
J^tate,  and  especially  from  the  nonsoluble  soils  of  the  St.  Croix  Valley. 

•  The  Glacial  Lake  Agasaiz:  Hon.  U.  S.  Qeol.  Survey,  vul.  25,  pp.  81-107. 
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Table  ^.—Chemical  composition  of  ami  cmd  subsoil  in  Red  River  basin. 


SurfaoR  soU. 


Constituent. 


Insoluble  In  HCl 

VolatUe 

Potassium  oxide  ( KsO ) . . . 

Sodium  oxide  (NajO) 

Calcium  oxide  (CaO) 

Ma^esium  oxide  (MgO) .. 

Oxides  of  iron  and  alumi- 
num ( FejOi+  AbOa) 

Phosphoric  anhydride 
(PiOi) 

Sulphuric  anhydrideCSOs) . 

Carbonic  anhydride  (COj) . 


SsTn.       State.a 


70.32 

10.43 

.55 

.49 

2.18  , 

.80 

10.50 

.26  , 
.27  1 
1.78 


79.02 
8.98 
.43 
.45 
1.29 
.61 

7.20 
I 
.20  I 
.10 
.62  ' 


SubsoiL 


Surface  aoit 


Red 
River 
basin. 

65.93  I 

5.51 

.45  I 

.37  I 

5.67 

1.52  I 

10.41 

..si 

.08  I 
5.72  I 


Entire 
SUte.o 


82.41 
5.33 
.40 
.32 
1.78 
.80 

8.32 


.17 
.06 
.93 


Marsh. 

Swamp. 

Peat. 

19.70 

14.33 

12.60 

27.72 

27.72 

52.60 

.44 

.44 

.40 

.30 

.30 

.21 

23.27 

23.31 

12.20 

.80 

.80 

.64 

3.25 

3.25 

2,02 

.30 

.30 

.21 

.75 

.75 

.22 

23.00 

23.00 

12.60 

AlkalL 


67.06 
6.57 

.« 
2.S8 
7.4B 

.1« 

9.04 

.27 
l.OO 


o  Snyder,  H.,  Characteristic  features  of  Minnesota  soils  and  conservation  of  fertility:  Bull.  65,  Agr. 
Exp.  Sta.,  University  of  Minnesota.  Chera.  Div.,  Nov.,  1899,  p.  69. 

The  amount  of  soluble  material  is  much  greater  than  the  average 
for  the  State,  while  the  quantity  of  volatile  matter  is  slightly  less. 
All  other  constituents  are  much  higher,  especially  calcium,  mag- 
nesium, sodium,  and  potassium.  It  is  evident  that  there  are  con- 
siderable amounts  of  alkaline  carbonates,  which  produce  a  corre- 
sponding hardness  in  the  drainage  waters.  The  analyses  given  in 
the  last  four  columns  show  the  characteristic  composition  of  different 
types  of  surface  soil.  The  marshes  are  found  to  be  very  high  in 
volatile  and  soluble  constituents,  especially  in  calcium,  possibly  on 
account  of  marl  deposits.  The  peaty  soils  contain  over  50  per  cent 
of  volatile  matter,  and,  they  too,  indicate  the  presence  of  much  cal- 
cium carbonate.  True  alkali  soils  are  found  in  many  places  where 
the  surface  of  the  ground  is  covered  with  a  white  efflorescence  due 
to  the  deposition  of  alkaline  salts  by  evaporation.  Such  soils  are 
naturally  high  in  soluble  matter,  particularly  sodium.  Just  as  the 
Cretaceous  formations  have  influenced  the  chemical  constitution  of 
the  drift,  the  drift  has  in  turn  produced  an  alkaline  soil,  which 
imparts  its  essential  qualities  to  the  lakes  and  streams  that  stand  or 
flow  over  it.  The  waters  examined  in  this  valley  show  a  far  greater 
percentage  of  dissolved  minerals  than  those  in  any  other  part  of  the 
State. 

INDUSTRIAL   POLLUTION. 

Oidy  a  few  manufacturing  establishments  are  located  in  Red 
River  basin,  and  these  furnish  little  waste  of  undesirable  character. 
They  are  tabulated  below. 

T-\BLE  r>5.-  Industrial  establishments  causing  stream  polluiiwi  in  Red  River  basin, 
Jirewori(>s 4 


Sawmills 

Tanneries 

Woolen  millH . 
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Nearly  all  of  the  sawmills  are  on  Red  Lake  River  at  or  above 
Crookston.  The  color  of  the  stream  may  be,  to  some  extent,  aflfected 
by  the  logging  operations  or  the  wastes  from  the  mills. 

MUNICIPAL  POLLUTION. 

Since  Red  River  basin  is  devoted  principally  to  lumbering  and  to 
wheat  raising  it  is  thinly  populated,  and  the  size  of  its  towns  or  cities 
is  determined  not  by  the  development  of  manufacturing  interests, 
but  by  the  necessity  for  trading  centers.  The  following  tables  show 
the  distribution  of  population  for  three  successive  censuses: 

Table  66. — Population  %n  Red  River  basin  in  Minnesota. 


County. 


I  I 

18U0.  1900.  1905. 


Beeker.. 
Beltivni. 
Blgitooe. 
CUy. 


Clearwater 

Grant 

It4uca 

Kittjon 

ManhAU 

Korman 

Ottertaa 

PoUt 

R«lL*ke 

Roaeaa 

St^vena 

Traverte 

Red  Lake  Indian  Reaervation 

White  Earth  Indian  Reservation. 


0,771 
100 
506 

11,517 

(«) 

3,437 
100 

5,387 

9,130 
10,618 
20,661 
30,192 

(ft) 

(') 
797 

4,018 

id) 


Total  population i    107,382 


10,603 

2,949 

856 

17.942 

(«^ 

4,467 

753 

7,889 

15,689 

15,045 

28,071 

35,429 

12,195 

5,506 

1,355 

6,852 

id) 

(d) 


13,426 

3,504 

1,032 

19,457 

4,830 

4,828 

2,796 

9,878 

17,737 

18, 176 

29,594 

37,212 

15,956 

8,962 

1,442 

7,083 

1,327 

4,968 


17.3,771  I      211,872 


«  Pormed  from  part  of  Beltrami  County  in  1903. 
*  FomuMl  from  part  of  Polk  County  in  1897. 


«  No  population  given  for  1890.» 
d  Incluaed  in  county  population. 


Table  67. — Density  of  population  in  Red  River  basin. 


Area  considered. 


R«d  Lake  Eiver  basin,  above  Crookston: 

Entire  area 

Exetoding  chief  aetttements 

Bed  Lake  River  baaln,  atK>ve  m^th: 

Entire  area 

F.xrfnrling  chief  settlements 

Ottertafl  River  basin,  above  Fergus  Falls: 

Entire  area 

Excluding  chief  settlements 

Ottotai)  River  basin,  above  mouth: 

Entire  area 

Kxchiding  chief  settlements 

R«d  River  basin  in  Minnesota,  above  Moorhead: 

Entire  area 

Excluding  chief  settlements 

Red  River  basin  in  Minnesota,  alx>ve  Red  Lake: 


Drainage 
area  in 
square 
mile^. 


Population  per  square 
mile. 


i}  o5,525 
\   06,100 


I  o 2,300  |{ 
■|   a 3,800  j| 


Entire  area '1    _-  enn  i 

settlements |  « 7,800  | 


ExdudiDg  chief 
Red  River  basin  in  Minnesota: 

Entire  area 

Exduding  chief  settlements 


•|1  6  18,365  l{ 


1.8  1 


.3.8  I 
2.0 


10.  .5 
10.0 


10.2 
6.6 


9.3 


4.9 


1900. 


4.3 

3.6 


7.8 
6.3 


14.7 
1.3.1 


15.7  ! 
10.8 


15.2 
1L6 


13.9  I 
11.3 


9.4  I 

7.7  I 


a  Measured  from  best  available  maps. 

*  Ball.  C.  W.,  Geography  and  Qeology  of  Minnesota,  vol.  I,  p.  151,  Minneapolis, 


6.7 
.5.8 


10.2 

H.2 


16. 6 
14.6 


17.3 
11.9 


18.0 
13.9 


16.6 
13.6 


11.5 
9.4 
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The  population  of  the  basin  is  less  than  half  as  dense  as  the  average 
for  the  State  as  a  whole.  Though  statistics  show  that  the  population 
is  rapidly  increasing,  it  is  doubtful  whether  Red  River  Valley  will 
ever  become  as  thickly  settled  as  some  regions  of  the  State  wh^e 
manufacturing  interests  are  more  predominant,  for  this  is  essentially 
a  farming  and  lumbering  district.  Its  most  thickly  settled  part  lies 
between  Moorhead  and  Lake  Traverse,  particularly  in  the  basin  of 
Ottertail  River.  The  population  is.  most  sparse  in  Red  Lake  River 
basin  above  Crookston.  The  low  population  per  square  mile  is 
coimterbalanced,  however,  so  far  as  stream  pollution  is  concerned,  by 
the  fact  that  the  cities  and  villages  are  situated  directly  on  the  banks 
of  streams  into  wliich  they  discharge  sewage  and  other  refuse.  Since  a 
great  many  of  these  settlements  are  supplied  with  imfiltered  surface 
water  for  general  municipal  consumption,  it  is  particularly  important 
to  consider  in  detail  the  chance  of  river  pollution  from  farms  and 
villages  on  the  watershed.     (See  PI.  VII.) 

Table  iS^.-—(^huf  aettlemmttt  in  Red  River  hasirif  above  Breckenridge. 


Locality. 


Distance  j 
above 

Breeken- , 
ridi 


Population. 


Detroit 

Fergus  Falls 

Fraree... 

'  Pelican  Rapids. 
Perham 


liles. 


90 
40 

no 

60 
90 


1«90. 


Total. 


1,510  ' 
3,772  , 


624  I 
761  ' 


1900. 


2.060 
6,072 
1,000 
1.033 
1,182 


1905. 


2,W 
6.66S 
1,1« 
IM 
1,366 


6,667 


11,347  I 


12. 4« 


Table  69.  -(^hief  settlements  in  Red  River  hasin^  above  Moorhead. 


1/Ocality. 


Settlements  above  Breckenridge  (see  Table  68) . 

Wahpeton,  N.  Dak 

Wheaton 


Total. 


Distance 
above 
Moor- 
head. in 
miles. 


Population. 


6,667  ' 
1,S10  I 


11,347 
2,228  I 
1,132 


1905. 


12.44S 

a  2, 500 

1.3« 


9,215  I      15,969 


18. 1« 


Table  70. — Chief  settlements  in  Red  River  basin,  above  Grand  Forks. 


l/ocallty. 


Settlements  above  Moorhead  (s«e  Table  69). 

Ada 

Bamesville 

Fargo,  N.  Dak 

Moorhead 

Total 


Distance 
above 
Grand 

Forks,  in 
miles. 

Population 

1«90. 

9,215 
622 
1,069 
5,664 
2,068 

1900. 

1905. 

15,989 
1,253 
1,32& 
9,589 
3,730 

18,144 

100 

1515 

170 
155 

155 

1,566 

-12,000 

4> 

18,668 

31,887 

38.019 

o  Estimated. 
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Table  67  gives  the  number  of  inhabitants  per  square  mile  above 
each  of  the  principal  cities.  Tables  68  to  70  give  the  principal  sources 
of  municipal  pollution.  In  view  of  the  fact  that  the  lesser  drainage 
basins  have  the  same  characteristics  with  a  few  exceptions,  observa- 
tions on  one  may  be  applied  as  well  to  the  others.  The  statistics 
show  sources  of  pollution  above  every  city  that  uses  raw  stream 
water  as  a  public  supply.  It  is  also  evident  from  a  consideration  of 
gage  heights  that  at  certain  periods  of  the  year  much  objectionable, 
if  not  dangerous,  matter  is  in  the  streams,  and  is  transported  by  them 
to  the  vicinity  of  all  the  waterworks  intakes.  Above  Fergus  Falls, 
on  Ottfertail  River,  there  is  considerable  rural  population  and  imme- 
diately above  the  city  intake  there  are  several  likely  sources  of  con- 
tamination. Fergus  Falls  itself  furnishes  too  much  pollution  from 
its  sewers  and  from  the  State  insane  asylum,  near  by,  to  permit  the 
use  of  unfiltered  river  water  at  Breckenridge.  Fargo  and  Moorhead, 
on  Red  River,  are  using  a  water  that  is  objectionable  on  account  of 
its  turbidity,  and  is  besides  liable  to  sewagic  pollution  not  only  by 
settlements  above  but  by  the  suburbs  of  the  cities  themselves.  Much 
of  the  territory  above  Crookston,  in  Red  Lake  River  basin,  is  tim- 
bered and  the  reservations  have  not  yet  been  entirely  opened  for 
settlement;  consequently  the  population  per  square  mile  is  low. 
Three  sawmill  villages — ^Thief  River  Falls,  Red  Lake  Falls,  and  St. 
Hilaire — are  located  on  the  river  above  Crookston.  The  principal 
source  of  pollution  of  Red  Lake  River  above  East  Grand  Forks  is 
Crookston,  which  discharges  sewage  into  the  river.  The  supply  of 
Grand  Forks,  N.  Dak.,  is  taken  from  Red  Lake  at  its  entrance  into 
Red  River.  There  can  be  no  doubt  that  Red  River,  receiving  as  it 
do€8  the  sewage  of  Fargo,  Moorhead,  and  Breckenridge,  is  the  more 
seriously  polluted  stream  of  the  two.  It  is  also  evident  that  the 
water  of  Red  Lake  River  in  its  unfiltered  condition  is  not  safe  for 
drinking  or  for  general  domestic  use.  Whether  the  sewage  from  the 
above-mentioned  cities  always  reaches  Grand  Forks  is  a  debatable 
question,  not  to  be  decided  by  a  consideration  of  the  distance  traveled 
alone,  but  by  a  determination  whether  the  pathogenic  bacteria 
perish  during  the  time  consumed  in  the  voyage.  Unfortunately,  the 
average  stream  velocities  can  not  be  detennined  by  the  data  at  hand. 
Ordinarily  Red  River  is  sluggish,  shallow,  and  winding.  During 
flood  times  it  is  subject  to  rapid  and  extreme  rises,  which  sweep  the 
W  free  from  accumulated  organic  matter  and  greatly  increase  the 
velocity  of  the  current.  Red  River  carries  at  all  times  an  amoimt 
of  suspended  matter  that  would  make  it  undesirable  for  use  without 
filtration. 

The  Red  River  system  drains  about  half  of  North  Dakota  along 
the  broad  prairie  in  that  part  of  the  State  bordering  Minnesota  east 
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of  the  Dakota  foothills.  The  valley  is  devoted  almost  exclusiyehr 
wheat  raising,  containing  within  its  borders  some  of  the  largest  Un 
in  the  world.  The  population  is  sparse,  and  there  are  few  hi 
cities.  Three  of  the  largest — Grand  Forks,  Fargo,  and  Wahpeton 
are  on  the  banks  of  Red  River.  (See  PI.  V.)  The  North  DafaH 
tributaries  of  Red  River  are  generally  small,  meandering,  and  sh 
gish.     Many  of  them  are  dry  in  summer. 

QUALITY  OF  WATER. 

The  location  of  sampling  stations  in  Red  River  basin  is  shown 
PI.  I.  They  were  selected  above  and  below  the  principal  settlemd 
with  the  view  (a)  of  determining  how  much  evidence  of  polhii 
from  infiltration  or  from  direct  discharge  of  sewage  could  be  gaim 
by  laboratory  examinations;  (6)  of  estimating  by  rapid  and  approi 
mate  methods  the  amount  of  mineral  matter  ordinarily  carried  I 
the  streams;  and  (c)  of  finding  the  seasonal  variation  in  the  chemiei 
and  bacteriological  conditions  of  the  water.  Two  complete  sets 
samples  were  taken,  one  late  in  the  fall  of  1904,  just  before  the  streii 
closed,  the  other  in  the  latter  part  of  March,  1905,  while  the  ice 
going  out  and  the  streams  were  rising  in  flood.  In  addition 
iniscellaneous  samples  were  taken  at  Crookston  and  at  Grand  F( 
Table  71  gives  the  results  of  analyses. 

It  is  commonly  believed  that  the  entrance  of  sewage  into  water  ratjl 
bo  detected  in  analyses  by  changes  in  tlie  figures  representing  certiffl 
arbitrary  estimates.  Tlio  amoimts  of  chlorine,  free  ammonia.  adI 
albuminoid  ammonia  are  suj)posed  to  increase;  nitrites,  representin? 
organic  matter  in  an  unstable  condition  of  oxidation,  are  regardtnli 
indicating  pollution;  the  amoimt  of  nitrates  is  considered  to  represi'D 
the  completeness  of  the  destruction  of  the  organic  material;  finallj 
an  increase  in  bacterial  count  is  expected,  together  with  the  presen*^ 
of  B.  coll  communis,  an  intestinal  organism  ahyays  present  in  fivsi 
feces.  The  chemical  analyses  made  fail  to  reveal  positive  e\'idem' 
that  any  of  the  unquestionable  sources  of  dangerous  polh.ition  (lain 
age  the  stream  waters,  either  because  the  c(mtaminating  substam*'" 
were  much  diluted  or  because  th<»  samples  did  not  happen  to  strik 
currents  of  pollution  in  the  rivers.  The  points  for  analysis  won 
however,  chosen  with  the  definite  object  of  getting  representativ 
samples  both  above  and  below  each  city,  and  the  stations  were  sue 
as  would  generally  be  selected  l)y  chemists  engaged  in  similar  wort 
Though  some  of  the  analyses  indicate  slight  increases  in  the  figure 
representing  organic  matter,  yet  the  changes  noted  were  only  suchi 
might  be  due  to  normal  fluctuations  in  (juality,  independent  of  tl 
introduction  of  sewage.  Frojn  this  point  of  yiewthe  chemical  resui 
are  unsatisfactory. 
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The  bacteriological  examinations  yield  much  more  satisfactoir 
evidences  of  pollution.  Water  taken  from  Red  Lake  River  above 
Thief  River,  irfter  flowing  through  a  practically  um'hhabited  country, 
does  not  show  the  presence  of  B,  cdi  communis.  In  all  other  sam- 
ples of  water  from  Red  Lake  River  the  organism  was  found.  It  is 
worthy  of  note  that  it  was  isolated  from  1  cubic  centimeter  amounts 
of  every  sample  taken  above  the  intake  of  the  Crookston  waterworki 
It  was  not  found  in  samples  of  Ottertail  River  taken  above  Fergus 
Falls,  but,  except  in  one  or  two  other  samples,  it  was  found  in  the 
waters  of  all  the  rivers  of  the  area. 

Red  River  and  most  of  its  tributaries  show  higher  mineral  content 
than  the  other  streams  in  the  State,  due  to  solution  of  the  alkaline 
materials  constantly  present  in  the  soil  and  subsoil.  The  water  cf 
Lake  Traverse,  at  the  head  of  Bois  de  Sioux  River,  shows  the  highest 
percentage  of  total  and  soluble  solids,  total  hardness,  sulphuric  ad^ 
and  chlorine,  indicating  that  it  is  very  strongly  charged  with  alkaline 
salts.  This  alkalinity  is  probably  caused  by  the  inflow  of  springs  thit 
have  percolated  through  the  calcareous  alkaline  strata  of  the  bluffs  thil 
rise  abruptly  on  both  shores.  The  stream  that  forms  its  outlet,  Bdi 
de  Sioux  River,  is  similarly  mineralized.  Ottertail  River,  at  Yerpi 
Falls,  is  low  in  chlorine,  sulphuric  acid,  turbidity,  and  color,  but  htf 
'  considerable  alkahnity  and  total  hardness.  The  percentage  of  soBds 
soluble  in  alcohol  is  noticeable  here,  as  in  general  throughout  the  ReJ 
River  basin,  indicating  the  probable  presence  of  alkaline  salts.  There 
is  little  change  in  these  constituents  *  at  Breckenridge  except  the 
increase  in  turbidity,  which  causes  a  corresponding  change  in  toiJ 
solids.  In  its  northward  course  from  Breckenridge  Red  River  is 
joined  by  a  large  number  of  short  streams  that  drain  swamps  or  the 
alkaline  soils  of  the  valley  near  the  main  river,  and  the  effect  of  tht 
added  drainage  is  shown  by  comparison  of  analyses  of  the  water  of 
Red  River  at  Breckenridge,  Moorhead,  and  above  Red  Lake  River  at 
Grand  Forks.  The  comparatively  high  chlorine  in  Red  River  i> 
undoubtedly  due  to  soluble  chlorides  derived  from  the  soils  and  not 
to  sewagic  pollution.  Therefore  this  figure  gives  no  index  of  the  sani- 
tary condition  of  the  water.  The  turbidity  is  generally  liigh  and  tlie 
color  low.  The  odor  is  extremely  variable.  The  amount  of  sulphuric 
acid  is  liigh  as  compared  with  tliat  in  Mississippi  River.  The  water 
of  Red  River  is  siinihir  in  many  res])e('ts  to  that  of  Minnesota  River. 
Iron  is  always  found.  The  total  resi(kie  in  the  water  of  Red  RiN-eris 
higher  than  that  found  in  any  other  stream  examined,  and  the  percent- 
a^ire  of  solids  soluble  in  alcohol  is  noticeable. 
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The  water  of  Red  Lake  River  resembles  in  many  respects  that  of 
upper  Mississippi  River.  It  is  low  in  turbidity  and  sulphuric  add 
and  has  moderate  alkalinity,  total  hardness,  and  total  residue,  while 
it  carries  some  color  and  generally  has  a  vegetable  odor.  It  is  some- 
what similar  to  that  of  Ottertail  River  above  Fergus  Falls.  The  dif- 
ferences between  the  waters  of  upper  Red  Lake  and  Ottertail  rivers  and 
that  of  Red  River  lead  to  the  inference  that  forest  lands  have  consid- 
erable influence  on  the  quality  of  stream  water,  perhaps  because  forest 
soils  are  less  easily  disintegrated  and  not  subject  to  the  excessive  leach- 
ing that  occurs  in  prairie  regions.  It  is  at  any  rate  worthy  of  note 
that  the  waters  of  Red  River  basin  that  come  from  forested  areas  are 
softer  and  apparently  contain  less  alkali  than  those  that  come  from 
the  prairies. 

Red  River  and  Red  Lake  River  unite  at  Grand  Forks.  A  compari- 
son of  the  three  samples  taken  in  that  vicinity,  namely,  above  and 
below  Red  Lake  River  on  Red  River,  and  above  Red  River  on  Red 
Lake  River,  show  the  effect  of  diluting  Red  River  with  a  softer  water. 
The  turbidity,  chlorine,  sulphuric  acid,  alkalinity,  total  hardness,  and 
total  residue  are  decreased,  while  the  color  is  often  increased.  The 
organic  content  of  Red  Lake  River  at  this  point,  as  shown  by  the 
nitrogen  determinations,  is  higher  than  that  of  Red  River. 

In  conclusion,  a  table  is  given  showing  the  average  coadition  of 
Red  River  as  compared  with  upper  Mississippi  and  Minnesota  rivers. 
It  is  distinctly  different  from  the  former  and  conforms  in  quality  in 
many  respects  with  the  latter. 


Table  73. — Summary  o/qtudity  of  water, 
(Parts  per  million.] 


Determination. 


Color 

Odor 

Turbidity 

Chlorine 

Sulphate  radicle 

Total  alkalinity 

Total  hardness 

Iron 

Total  residue 

Soluble  residue 

Albuminoid  ammonia. 

Free  ammonia 

Nitrites 

Nitrates 


R«rf  Piv«r   Minnesota 
I  ^^  "'^®^'     River. 


Upper  Mis- 
sisaippi 
River. 


151 

70 

6.3 

a4 

38 

178 

202 

220 

251 

470 

Trace. 

Trace. 

346 

566 

54 

143 

0.428 

0.454 

0.065 

a  193 

Trace. 

aooo 

0.03 

a  16 

50 
2v. 
<7 

.9 
Trace. 
151 
136 

Trace. 
189 
16 

a  475 
a  191 

aooo 
ao5 


NOTES  ON  MUNICIPALITIES. 


Twenty-five  Minnesota  settlements  are  reported  in  Red  River 
basin.  Eleven  are  supplied  with  ground  water,  five  with  surface 
water,  and  si^  are  equipped  with  sanitary  sewerage. 
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Ada,  Norman  OourUy, — On  Marsh  River,  which  is  at  this  point  con- 
nected with  Wild  Rice  River  by  a  ditch.  Water  supply  is  obtained 
from  two  2-inch  tubular  wells,  265  feet  deep,  driven  through  clay  to 
water-bearing  sand.  Sewerage  system  discharges  into  Marsh  River. 
Jce  supply  is  cut  from  "Long  Lake,"  a  part  of  the  ditch  joining  the 
two  rivers.  Gktrbage  is  hauled  to  a  dumping  ground  outside  the 
village. 

Argyle,  Marshall  County. — On  Middle  River,  10  miles  above  its 
entrance  into  Snake  River.  No  waterworks  or  sewerage.  Ice  supply 
is  cut  from  Middle  River.  Some  garbage  is  fed  to  hogs  and  the  remain- 
der is  taken  to  the  village  dumping  grounds. 

Auduboriy  Becker  County. — On  Audubon  Lake.  No  waterworks  or 
sewerage.  Ice  supply  is  cut  from  Audubon  I^ake  and  other  small 
lakes  in  the  vicinity. 

BamesviUe,  Clay  County. — On  south  branch  of  Buffalo  River.  No 
waterworks  or  sewerage  system.  Ice  supply  is  cut  from  a  pond 
formed  by  damming  a  neighboring  creek.  Garbage  is  bum^  or 
hauled  away  at  intervals. 

Black  Duck,  Beltrami  County. — On  Black  Duck  River  at  the  outlet 
of  Black  Duck  Lake.  Water  supply  for  fire  protection  is  taken  from 
two  4-inch  weUs  about  90  feet  deep  in  the  drift.  Ice  supply  is  cut 
from  a  smaU  lake  near  the  village.  No  sewerage.  Garbage  is  hauled 
to  the  viUage  dumping  ground. 

Brecbmridgey  Wilkin  County. — At  point  where  Ottertail  and  Bois  de 
Sioux  fivers  unite  to  form  Red  River.  Water  supply  is  taken  with- 
out filtration  from  Ottertail  River  near  the  upper  edge  of  the  town.' 
Ice  supply  is  cut  from  Ottertail  River.  A  combined  sewerage  system^ 
discharges  into  Ottertail  River.  Garbage  is  carted  to  the  village> 
damp. 

Orookaton,  Polk  County. — On  Red  Lake  River  50  miles  above  its 
entrance  into  Red  River.  Water  supply  is  taken  unfiltered  from  Red 
Lake  River  1  mile  above  the  center  of  the  city.  Deep-well  water  is 
also  furnished  by  a  separate  system  over  a  limited  area.  Ice  supply 
is  cut  from  Red  Lake  River.  A  combined  storm  and  sanitary  sewer- 
age discharges  into  Red  Lake  River  below  the  city.  Garbage  is 
removed  to  the  village  dumping  ground  and  burned. 

Detroit,  Becker  County. — On  Pelican  River  near  Detroit  Lake. 
Water  supply  is  obtained  from  a  shallow  well  dug  in  sand.  Ice  supply 
is  cut  from  Detroit  Lake.  No  sewerage.  Garbage  is  removed  to  the 
municipal  dumping  ground. 

East  Grand  Forks,  Polk  County. — On  Red  Lake  River  at  its  conflu- 
ence with  Red  River  opposite  Grand.  Forks,  N.  Dak.  A  system  of 
waterworks  is  \mder  construction.  Part  of  the  village  is  at  present 
supplied  from  the  public  system  of  Grand  Forks.     Ice  supply  is  cut 
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from  Red  RiyeTyfrom  Red  Lake  River,  and  from  Majde  Lake, 
baga  is  imqgularly  hauled  outside  the  Tillage  limits. 

FwrgOj  Oau  County,  N,  Dak. — Opposite  Moorhead,  on  Red  '. 
Watersupply  is  taken  from  Red  River  without  filtratum.  loei 
is  cut  from  Red  River.  The  combined  sewerage  synbsni  enqrtia 
the  same  body  of  water. 

Fergus  Folk,  Ottertail  Obunty.— On  Ottertail  River  40  mikai 
ite  confluence  with  Bois  de  Sioux  River.  Water  supjdy 
unfiltered  from  Ottertail  River  sib  a  point  1  mile  above  the  ' 
the  city.  Ice  supply  is  cut  from  Ottertail  River.  A  combined  i 
age  system  discharges  into  Ottertail  River.  Some  garbage  is  I 
from  the  city  and  some  is  used  for  grading.  Hie  Third  State  Hospitdl 
for  the  Insane,  1,600  inmates,  is  situated  about  1  mile  north  of  tbl 
center  of  the  city.  The  hospital  is  at  present  supplied  with  city  wakr| 
and  is  connected  with  the  city  sewers. 

FertOe^PoOt  Cbunty.-On  Sand  HiU  River  30  miles  bdow  Fo 
Water  supply  is  obtained  from  a  6-inch  well  250  fiset  deep, 
through  sand  10  feet,  clay  30  feet,  gravel  210  feet.    Ice  supply  k  i 
from  Sand  HiU  River.    Nosewerage.    Oarbage  is  hauled  to  tiiei 
dumping  ground  and  buried. 

FasOan,  P(ik  CWnly.— On  Sand  Hill  River,  30  miles  above  Pertik  | 
Water  supply  is  obtained  from  a  dug  well,  40  feet  deep  by  20  fsetii 
diameter.     Ice  supply  is  taken  -from  lakes  near  the  village.   N« 
sewerage.     No  regular  garbage  disposal. 

FrcLzee,  Becker  County, — On  Ottertail  River,  60  miles  above  F«gw 
Falls.     No  waterworks.     Ice  supply  is  cut  from  Carow  Lake,  1  nA ! 
east  of  the  village.     Garbage  is  commonly  removed  to  the  viBage 
dumping  ground. 

GrdceviMey  Bigstone  County, — Water  supply  is  obtained  from  a  deep 
well.  No  report  on  sewerage.  Ice  supply  is  cut  from  Bigstone  Lake. 
Garbage  is  burned  or  hauled  outside  the  village  limits. 

Grand  Forks,  Grand  Forks  County,  North  Dakota, — On  Red  River, 
at  its  confluence  with  Red  Lake  River.  Water  supply  is  taken  from 
Red  Lake  River  at  its  entrance  into  Red  River.  The  water  is  purified 
by  a  slow  sand-filtration  plant  having  a  capacity  of  1,000,000  gallons  ft 
day.  Ice  supply  is  cut  from  Maple  Lake  and  Red  River.  A  com- 
bined sewerage  system  empties  into  Red  River.  The  University  of 
North  Dakota  and  Wesleyan  University  are  located  near  the  city. 

HaUocky  Kittson  County. — On  Two  Rivers  about  10  miles  in  ft 
direct  line  above  its  entrance  into  Red  River.  Water  supply  is  taken 
from  the  river  unfiltered.  Ice  supply  is  cut  from  Two  Rivers.  No 
sewerage.     Garbage  is  hauled  to  the  village  dumping  grounds. 

Herman,  Grant  County, — A  short  distance  north  of  the  South  Fork 
of  Mustinka  River.  Water  supply  is  obtained  from  a  &-incb  tubular 
well,  122  feet  deep,  penetrating  the  following  strata: 
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Log  of  well  at  Herman j  Grant  County, 

Feet. 

Bkckloam 2 

Ydk)w  clay'. 17 

Blue  clay  containing  small  bowlders 40 

Hardpan 1 

Blue  clay  and  quicksand 60 

Wtter-bearing  gravel 2 

The  village  has  no  public  sewerage. 

Lake  Parky  BecJcer  County, — On  Lake  Flora,  which  is  connected 
with  Buffalo  River.  Water  supply  is  obtained  from  an  8-inch  well, 
350  feet  deep,  which  passes  through  the  following  strata: 

Log  of  well  at  Lake  Park,  Becker  County. 

Feet. 

Loam 3 

Yellow  clay 130 

Blue  clay 60 

Hardpan 10 

Gravel * 20 

Hardpan 118 

Quicksand 6 

Gravel 3 

Ice  supply  is  cut  from  Lakes  Labella  and  Boyer,  near  the  village. 
No  sewerage. 

Maorhead,  Clay  County, — On  Red  River  97  miles  below  its  head. 
Water  supply  is  taken  from  Red  River  unfiltered;  ice  supply  from 
Red  River  and  Detroit  Lake.  A  combined  sewerage  system  dis- 
charges into  Red  River.  Garbage  is  commonly  hauled  to  the  city 
dumping  grounds.  A  State  normal  school,  500  pupils,  and  Concordia 
CoDege,  400  pupils,  are  situated  in  Moorhead. 

Pelican  Rapids,  Otteriail  County. — On  Pelican  River.  No  water- 
works; storm  sewerage;  ice  supply  from  Pelican  River. 

Perham,  Otteriail  County. — Near  Ottertail  River.  Ice  supply  is  cut 
from  Little  Pine  Lake  and  Ottertail  River.  Water  supply  for  fire 
protection  is  taken  from  one  large  well.     No  sewerage. 

Red  Lake  FaUs,  Red  Lake  County. — On  Red  Lake  River  at  its  con- 
fluence with  Clearwater  River.  No  waterworks  or  sewerage.  Ice 
supply  is  cut  from  Red  Lake  River.  Garbage  is  hauled  to  the  public 
dumping  ground  and  buried. 

Si.  Hilaire,  Red  Lake  County. — On  Red  Lake  River  50  miles  above 
Red  Lake  FaUs.  No  waterworks  or  sewerage.  Ice  supply  is  cut  from 
Red  Lake  River.     Garbage  is  hauled  to  the  village  dumping  ground. 

Thief  River  FaUs,  Red  Lake  County. — On  Red  Lake  River  about  50 
miles  below  Red  Lake.  No  waterworks  or  sewerage.  Ice  supply  is 
taken  from  Red  Lake  River  below  the  entrance  of  Thief  River. 
Garbage  is  regularly  removed  durii%  the  summer. 
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Wdhpeton,  Richland  County,  North  Dakota. — Opposite  Brecken- 
ridge  at  confluence  of  Ottertail  and  Bois  de  Sioux  rivers.  Water  and 
ice  supply  from  Ottertail  River.  No  report  on  sewerage.  Garbage 
hauled  outside  the  city  limits. 

Warren,  Marshall  County. — On  Snake  River.  Water  supply  is 
taken  from  an  8-inch  artesian  well,  200  feet  deep,  sunk  through  clay, 
hardpan,  and  sand.  Ice  supply  is  cut  from  Snake  River  above  the 
dam.  No  sewerage.  Garbage  is  regularly  removed  to  the  village 
dumping  ground  and  buried  diudng  the  sunmier  months. 

Wheaton,  Traverse  County. — On  Mustinka  River.  Water  supply  is 
obtained  from  two  wells,  one  8  feet  square  by  150  feet  deep,  curbed 
with  plank,  the  other  4  inches  in  diameter  by  180  feet  deep,  with  an 
iron  casing.  Ice  supply  is  taken  from  a  small  creek  entering  Mustinka 
River.  Garbage  is  burned  at  the  village  dumping  groimd.  A  com- 
bined sewerage  system  discharges  into  Mustinka  River. 

RAINY   RIVER   BASIN. 

GENERAL  DESCRIPTION. 

The  Rainy  River  basin,  lying  along  the  northern  boundary,  is  more 
thinly  settled  and  l^ss  fully  explored  than  any  other  part  of  the  State. 
A  chain  of  lakes  forms  the  international  boundary  from  North  Lake,  in 
the  northeastern  part  of  Cook  County,  to  Rainy  Lake.  Rainy  River 
runs  westward  along  the  border  to  Lake  of  the  Woods,  which  is  con- 
nected with  Hudson  Bay  by  Nelson  River.  The  area  is  bounded  on 
the  north  by  the  Dominion  of  Canada,  on  the  east  by  the  Laurentian 
basin,  on  the  south  by  Mississippi  Valley,  and  on  the  west  by  Red 
River  drainage  area.  It  includes  the  northern  parts  of  Cook,  Lake, 
St.  Louis,  Itasca,  and  Beltrami  counties,  comprising  an  area  of  9,675 
square  miles.**  It  is  in  large  part  covered  with  pine  forests,  but  con- 
tains many  large  swamps,  which  by  artificial  drainage  will  become 
productive  lands.  The  principal  tributary  of  the  Rainy  River  system 
is  Vermilion  River,  which  rises  in  Vermilion  Lake,  a  large  body  of 
water  of  very  irregular  form,  not  very  deep,  situated  in  the  north- 
central  part  of  St.  Louis  County,  on  the  western  edge  of  the  Vermilion 
iron-bearing  district,  at  an  elevation  of  about  1,330  feet  above  sea 
level.  From  a  northern  arm  of  this  lake  Vermilion  River  runs  north- 
ward, with  numerous  falls  and  rapids,  to  Crane  Lake,  and  empties  into 
one  of  the  chain  of  lakes  forming  the  northern  boundary.  Other 
important  tributaries  are  Bowstring  River,  which  enters  Rainy  River 
about  15  miles  below  Rainy  Lake  and  drains  much  of  Itasca  County, 
and  Little  Fork  River,  which  enters  Rainy  River  a  short  distance 
above  Bowstring  River. 

a  Hall,  C.  W.,  Geography  and  geology  of  Minnesota,  vol.  1,  p.  151,  Minneapolis,  Minn.,  1903. 
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INDUSTRIAL  POLLUTION. 

At  present  there  is  in  this  area  practically  no  pollution  of  rivers  from 
industries.  One  brewery  and  two  sawmills  are  located  at  Tower,  on 
the  shore  of  Tower  Bay,  an  arm  of  Vermilion  Lake.  Koochiching,  now 
a  frontier  village  at  International  Falls,  near  the  outlet  of  Rainy  Lake, 
is  likely  to  become  a  manufacturing  center  and  may  sometime  be  the 
site  of  important  industries.  Near  Tower  and  at  Ely  there  are  large 
shaft  mines  from  which  considerable  water  is  pumped.  This  drainage 
is  unimportant  and  will  probably  never  cause  any  trouble. 

MUNICIPAL  POLLUTION. 

As  previously  stated.  Rainy  River  basin  is  the  most  thinly  settled 
area  in  the  State.  The  following  table  shows  the  distribution  of 
population: 

Table  74. — Population  ofRaiwj  River  basin %n  Minnesota. 

Population. 


County.  U.  S.  U.  S.     I    State 

'  census,  j  census,      census, 
1890.  1900.  1906. 


Bettrami ]  2,949 

lUac* 100  t  886 

St.Louto i        4,879  11,251 

Roseau '  1.398 

Bois  Fort  Indian  Reflervation (a)  (a) 


3,504 

1,985 

13,593 

238 

762 


4,979  I      16,484  22,062 


o  Oiven  in  county  population. 

Table  75. — Density  of  population  m  Rainy  River  basin  in  Minnesota. 
[Drainage  area,  9,675  square  miles.] 


I  Inhabitants  per  square 
mile. 
Area  considered. 

I    1890.        1900.        1905. 


Entiri!  basin  in  Minnesota 0.5  '        1.7  1         2.3 

l^xcfaiding  chief  settlement's .3  ,       1.2  1.7 


More  than  half  the  inhabitants  of  this  basin  live  in  the  Vermilion 
district  of  St.  Louis  County,  and  most  of  them  are  concentrated  at 
Ely  and  Tower.  The  pollution  from  population  is  therefore  inappre- 
ciable, except,  possibly,  in  the  vicinity  of  these  two  places.  Ely,  a 
city  of  4,045  inhabitants,  is  on  Long  Lake,  to  which  its  sewage  goes. 
Tower,  with  1,340  inhabitants,  is  on  a  bay  connected  with  Vermilion 
Lake.  The  rapid  growth  of  population  in  this  section  and  the  advan- 
tages it  presents  to  settlers  indicate  that  it  will  soon  be  as  thickly 
inhabited  as  any  farming  section  of  the  State. 
JMH  193—07 10 
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QUALITY  OF  WATER. 

Very  few  chenical  or  bacteriological  examinations  of  the  wat^ 
this  basin  huve  been  nmde,  and  not  much  is  known  regarding  t!.^  tji 
ity,  Since  the  rocks  of  this  region  are  hard  and  insoluble,  audi 
drift,  is  largely  derived  from  granite,  schists^  and  slates,  il  is  fair 
presume  that  the  wateiii  will  not  be  extremely  hard.  Sampler  vi 
collected  from  Tower  Bay  and  Vermilion  Ijake,  outside  Tower  Bfl 
near  Towerj  as  well  as  fi-om  the  head  and  the  foot  of  Long  Lake  i 
from  over  the  waterw^orks  intake  at  Ely,  Analyses  of  these  are  gi 
in  Table  76. 

The  water  of  Tower  Bay  shows  a  higher  color  than  that  of  the 
lake,  but  in  other  respects  it  is  much  the  same-     B.  coU  commum^ 
isolated  once  from  the  water  of  Tower  Bay*     This  was  in  the  sj)rj* 
when  flood  conditions  prevailed,  after  the  ice  had  gone  out,     Tlu' 
terial  count  was  generally  low.     The  water  of  Long  Lake  at  Ely 
soft.     It  contains  little  matter  that  could  be  called  incinsiing,  but 
color  makes  the  us©  of  a  coagulant  desirable  in  its  purification, 

NOTES  ON   MUNICIPALITIES. 

Eli/f  St  Liyuis  Cminty. — On  south  shore  of  Long  Lake.  Water  suf 
ply  is  taken  from  Li^ng  Lake  and  purified  by  a  Continental  M4 
filter,  with  alum  coagulant  supplemented  by  a  targe  sedimeotatii 
tank.  Ice  supply  is  cut  from  Long  Lake.  Sewerage  dischai^ges  iiM 
Long  Lake-  Garbage  is  regularly  removed  to  the  village  dumpifll 
ground  and  burned. 

Soudan,  St^  Louis  Cminty. — Near  Towen  No  watennorks  ot^p 
erage.  Ice  supply  is  cut  from  a  small  pond.  Garbage  is  hauled  mil- 
side  the  village  limits. 

Tower,  St  Louis  Counly.—On  shore  of  Tower  Bay,  an  ann  of  1> 
milion  Lake.  Water  supply  for  fire  protection  is  taken  from  i  md 
creek  running  through  towiL  Ir^  supply  is  cut  frc*m  East  T»» 
Rivers-  No  sewerage.  Garbage  is  hauled  to  the  village  dumpifif 
ground. 

MieSOtIRt    RI^TblR  BABHf. 
GENERAL    DESCRIPTION, 

In  the  southwest  corner  of  the  State,  parts  of  Pipestone^  Roct 
Murray,  Jackson,  Lincoln,  and  Nobles  counties  are  drained  by  stx^^ 
tributary"  to  Missouri  River,  principally  by  Rock  River,  Thisstf?fii*l 
has  its  source  in  Etna  Township,  Pipestone  County,  flows  southvui; 
and  enters  Big  Sioux  River  near  Calliope,  Iowa.  Little  Sioux  Ri^<^ 
ha.s  its  source  near  Lakefield,  Jackson  Coimty,  flows  southwestw^ari 
across  Iowa,  and  discharges  into  Missouri  River  near  River,  Iowa. 
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MUNICIPAL  POLLUTION. 


This  is  in  general  a  farming  area,  with  only  small  trading  centers. 
The  population  is  shown  in  Table  77. 

Table  77 .—Population  in  Missouri  River  basin  in  Minnesota. 


County. 


Population. 


PIpeatone 
Lincoln.. 

Rock 

Murray.. 
Nobles... 
JackBon.. 


1800. 

1900. 

1906. 

5,132 

8,941 

9,39 

1,139 

1,793 

1.906 

6,817 

9,668 

».7» 

631 

1,103 

1,648 

3,979 

7  466 

7,SM 

820 

1,304 

1,306 

24,518 

30,195 

31,348 

Table  7H.- -Density  of  population  in  Missouri  River  basin  in  Minnesota. 
(Drainage  area,  1,550  square  miles.o] 


Entire  basin 

Excluding  chief  settlements. 


Population  per  square 
Ife. 


miff 


1800. 


15.8  I 
13.6 


19.5  ' 

15.6  , 


ao.3 

16.1 


a  Hall,  C.  W.,  op.  cit.,  p.  151. 


NOTES  ON    MUNICIPALITIES. 


Adrian,  Nobles  County, — On  Kanaranzi  Creek,  15  miles  above  its 
entrance  into  Rock  River.  Water  supply  is  obtained  from  a  large 
well,  ice  supply  from  Kanaranzi  Creek.  No  sewerage.  Manure  is 
hauled  to  adjacent  farms;  other  combustible  rubbish  is  usually  burned. 

Lakefield,  Jackson  County, — On  Little  Sioux  River  °  near  its  head. 
Water  supply  is  derived  from  an  8-inch  tubular  well,  185  feet  deep, 
passing  through  black  loam  2  feet,  yellow  clay  42  feet,  sand  2  feet, 
blue  clay  hardpan  130  feet,  sand  9  feet.  Ice  supply  is  cut  from  Heron 
Lake.  No  sewerage.  Manure  is  regularly  hauled  to  the  village 
dumping  groimd.  House  garbage  is  privately  collected  and  fed  to 
hogs. 

Luvemey  Rock  County, — On  Rock  River.  Water  supply  is  taken 
from  a  well  in  the  river  bottom,  22  feet  deep  by  20  feet  in  diameter, 
stoned  and  cemented  and  covered  by  a  wooden  roof.  It  passes  through 
top  soil  2  feet,  clay  5  feet,  gravel  6  feet,  quicksand  7  feet.  Ice  supply 
is  cut  from  Rock  River  above  the  city.  Sanitary  sewerage  discharges 
into  Rock  River.  Garbage  is  hauled  to  the  village  dumping  groimd 
below  the  city. 

Pipestone,  Pipestone  County, — Near  Pipestone  Creek,  which  flows 
southward  into  Sioux  River.     Water  supply  b  obtained  from  two 


d  Qeol.  Nat.  Hist.  Survey  Minnesota,  Final  Rept.,  vol.  6,  PI.  XIX, 
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wells  in  the  city;  one  6  inches  in  diameter  by  200  feet  deep,  entering 
rock  at  30  feet;  the  other  8  inches  in  diameter  by  365  feet  deep, 
entering  rock  at  about  the  same  depth.  Ice  supply  is  cut  from  a  small 
lake  on  the  neighboring  Indian  reservation  and  from  Pipestone  Creek. 
Garbage  is  hauled  to  the  village  dumping  ground. 

DBS  MOIKES   RIVER  BASIN. 

GENERAL   DESCRIPTION. 

Des  Moines  River  basin  in  Minnesota  is  situated  near  the  southern 
bonier  of  the  State.  The  river  has  its  source  in  two  branches,  which 
flow  southward,  uniting  near  Humboldt,  Iowa;  thence  it  flows  south- 
eastward across  Iowa  to  Mississippi  River  near  Keokuk.  The  east 
fork  rises  in  Jay  Township,  Martin  County,  and  flows  through  Tuttle 
Lake  into  Iowa.  The  west  fork,  which  is  much  larger  and  longer,  has 
its  source  in  Rainy  Township,  Pipestone  County,  on  the  east  slope  of 
the  Dakota  foothills,  and  flows  thence  generally  southeastward  into 
Iowa,  draining  parts  of  Murray,  Nobles,  Cottonwood,  and  Jackson 
counties.  It  is  a  fairly  swift  stream  about  100  feet  wide  and  5  to  6 
feet  deep. 

MUNICIPAL   POLLUTION. 

Des  Moines  River  basin  in  Minnesota  is  a  well-settled  portion  of  the 
State,  comprising  general  fanning  districts  and  a  few  manufacturing 
and  trading  centers. 

Table  79. — Population  of  Des  Moines  River  basin  in  Minnesota. 


County. 


r^ttoowood. 

iackwo 

Mtnin 

Momy 

Noble/. 


U.S. 

Census, 

1890. 

U.S.     1 
Census, 
1900. 

4,234 
13,489  1 

2,779 
10,808 

7.466 

SUte 

census, 

1905. 

2.400 
8,104 
1,642 
ft,  061 
3,979 

4.290 
13,572 

2,926 
10,069 

7,  .528 

Total ,      22,186         38,776  38.383 

I  _  I 

Table  80. — Density  of  population  in  Des  Moines  River  basin  in  Minnesota. 
[Drainage  area,  1.847  square  niiles.o] 


Population  per  squaro 
mile. 


Kitmbasin  in  Ifmneaota I      12.0 

Exdoding  chief  settleiiiraits I  .    10. 5 


21.0 
17.7 


1905. 


2a8 
17.6 


a  HaU.  C.  W.,  op.  cit.,  p.  161. 
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Tablb  Sl.—ChUfidUemenU  %n  Det  Moinei  River  bom  in  JAiMUWlt. 


Looidity. 


Popoktlai. 


JaclDMm 

Wlndom 

WorthlDgton. 

Total... 


7» 
1,1M 


1,711 


2,719 


%m 


NOTES  ON  MUNICIPALITIS8. 

Fulda,  Murray  County. — Near  Sevenmile  Lake,  now  usually 
Fulda  Lake.    Water  supply  is  obtained  from  a  well  230  feet  dtt 
entering  rock.    Ice  supply  is  cut  from  Sevenmile  Lake.    No 
age.    Garbage  is  irregularly  hauled  outside  the  village. 

Heron  Lake,  Jackson  County,— Near  north  end  of  Heron 
which  is  connected  by  a  small  lake  with  Des  Moines  River, 
waterworks  or  sewerage.    Ice  supply  is  cut  front  Heron 
Garbage  is  dumped  on  the  ground  about  1  mile  from  the  village. 

Jackson,  Jadcson  County. — On  Des  Moines  River.  Water 
is  obtained  from  a  well  dug  in  gravel,  20  feet  square  by  20  feet 
and  walled  with  brick.  There  is  also  an  emergency  connection 
Des  Moines  River.  (Garbage  is  removed  to  the  village  dumpii 
ground.  A  combined  sewerage  system  discharges  into  Des  Moinfl 
River. 

SlaytoUj  Murray  County. — On  Beaver  Creek.  Water  supply 
obtained  from  one  8-inch  well,  205  feet  deep,  sunk  through  hardptf, 
clay,  and  gravel.  Ice  supply  is  cut  from  Badger  Lake.  The  rillap 
is  equipped  with  storm  and  sanitary  sewerage.  Garbage  is  removeJ 
to  a  dumping  ground  outside  the  village. 

Windom,  Cottonwood  County. — On  Des  Moines  River.     Water  «?* 
ply  is  procured  from  wells.     One  is  an  8-inch  well,  280  feet  d«| 
There  is  also  a  shallow  dug  well,  20  feet  deep,  in  the  bottom  of 
about  thirteen  3-inch  points  have  been  driven  to  a  depth  of  60  W 
in  the  gravel.     Ice  supply  is  cut  from  Des  Moines  River  above  tb 
dam.     No  sewerage.     Garbage  is  commonly  hauled  to  adjacent  fana^ 

WorihingtoUy  Nobles  County. — On  Lake  Okabena.     Water  supply 
obtained  from  four  driven  wells  60  feet  deep,  three  of  which  tf* 
10  inches   and  one  8  inches  in  diameter.     At  the  time  of  an  inv* 
tigation  of  the  city  supply  in  1905  a  connection  existed  between  thl 
reservoir,  into  which  the  well  water  was  discharged,  and  a  cisUttj 
that  held  water  coming  from  a  trench  or  collecting  gallery  onth 
shore  of  Lake  Okabena.     Ice  supply  is  cut  from  Lake  Okabena.  i 
combined  sewerage  system  discharges  into  a  small  creek  that  runs 
northward  from  the  city.     No  systematic  garbage  disposal. 
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CEBAR  RIVER  BASIN. 

GENERAL  DESCRIPTION. 

Cedar  River  rises  in  Hayfield  Township,  Dodge  County,  and  flows 
southward  across  Mower  County  into  Iowa;  then,  turning  sUghtly  to 
the  east,  it  flows  across  that  State  to  Mississippi  River.  It  drains 
parts  of  Dodge,  Mower,  and  Freeborn  counties. 

MUNICIPAL  POLLUTION. 
Table  82. — Population  of  Cedar  River  basin  in  Minnesota, 


County. 

Population. 

1880. 

1900. 

1905. 

Dote 

1,974 
13,077 
13,313 

2,444 
16.060 
16,715 

2,342 

Frertora 

16,843 

Mower 

21,385 

Total 

28,364 

35,228 

40,570 

Table  83. — Density  of  population  in  Cedar  River  basin  in  Minnesota. 
[Draina^  area,  1,165  square  miles.a] 


'  Inhabitants  per  square 
I  mile. 


1890.    j 

1900. 

1905. 

Entire  basin 

24.3 

ia2 1 

1 

30.2 
21.7 

34.8 

K<dwting  ch{«f  oettlftmmits 

24.4 

a  Hall,  C.  W.,  op.  cit..  p.  151. 

Austin,  one  of  the  important  cities  of  the  State,  situated  on  Cedar 
River,  about  20  miles  above  the  Iowa  boundary,  discharges  its  sewage 
directly  into  the  stremn.  Albert  Lea,  in  Freeborn  County,  on  Shell- 
rock  River,  a  tributary  of  Cedar  River,  also  discharges  its  sewage  into 
the  stream.  No  analyses  of  surface  waters  were  made  in  Cedar  River 
basm  during  the  cooperative  work. 

NOTES  OK    MUNICIPALITIES. 

Albert  Lea,  Freeborn  County, — Near  the  upper  end  of  Lake  Albert 
Lea,  which  is  drained  by  Shell  Rock  River.  Water  supply  is  pro- 
cured from  an  artesian  well  650  feet  deep.«  Ice  supply  from  Foun- 
tain Lake  above  the  city.     No  report  on  sewerage. 

aBlen.  Kept.  Minnesota  State  Bd.  Health,  1899-1900,  p.  172. 
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Austin,   Mower  County. — On  Cedar  River.     Water  supply  is 
tained  from  five  drilled  wells — one  150  feet,  one  400  feet,  and 
600  feet  deep — passing  through  the  following  strata: 


Log  of  well  at  AustiUj  Mower  County, 


Drift 

Limestone . 

Shale 

Limestone . 

Shale 

Sandstone. 


The  supply  of  the  deeper  wells  is  probably  derived  from  the  *'Sl 
Peter"  sandstone.  There  is  also  an  emergency  connection  wM 
Cedar  River.  Ice  supply  is  cut  from  Cedar  River.  Separate  ston 
and  sanitary  sewerage  discharge  into  Cedar  River.  Garbage 
removed  to  the  public  dumping  ground.  The  Southern  Minwflfll 
Normal  College  and  School  of  Commerce,  with  100  to  700  pupib, 
situated  at  Austin. 

Blooming  Prairie ,  Steele  County. — Near  the  west  fork  of  Cedar  Rn« 
Water  supply  is  procured  from  a  10-inch  tubular  well,  244  feetd«R 
which  is  sunk  about  100  feet  in  the  rock.  Ice  supply  is  cutfr«| 
Cedar  River.  Public  sewerage.  Part  of  the  garbage  is  carted 
side  the  village  limits. 

(ilenville^    Freeborn    County. — On   Shell    Rock    River.     No  water- 
works or  sewerage.     Ice  supply  is  taken  from  Shell  Rock  Kiver. 

MUNICIIWI.   AVATKIl    SI  PPT^IKS. 
EXTENT    OF    PUBLIC    SUPPLIES. 

In  order  to  ascertain  the  extent  to  whicli  surface  waters  are  used 
for  public  supplies  in  Miimesota,  inquiries  were  made  in  over  200 « 
the  principal  settlements  of  the  State.     Nearly  50  per  cent  of  tkjs 
information    was    obtained    by    visits    to    the    municipalities.   Tbf 
remainder  was  derived  from  statements  sif]:ned  by  the  city  or  villa? 
clerk  and  by  the  superintendent  of  waterworks  where  there  is  i^i^- 
It  is  believed  that  fairly  accurate  information  has  thus  been  gauiw 
concerning  the  condition  of  the   water  supplies  before  July,  19^- 
The   results  of  the   inquir}'   are   summarized   in   the   accompamii? 
tables.     Table  84  comprises  towns  supj)li(Hl  with  ground  wat^r.  ^ 
the  last  column  it  is  noted  whether  there  is  an  emergency  conne^ 
tion  with  an  adjacent  surface  supply.     Table  85  gives  the  names  of 
places  having  surface  supplies,  the  source  of  the  water,  and,  undet 
''Remarks/'  pertinent  observations  re<^ardin<::  some  supplies.    Table 
86  gives  the  names  of  settlements  that  w(»re  reported  to  be  without 
j)ublic  waterworks  at  the  close  of  the  incpiiry  (Juh^,  1905).     Hender 
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son,  Jordan,  and  Olivia  are  the  only  important  settlements  that 
failed  to  report  on  waterworks.  Table  87  comprises  places  that 
have  public  supplies  whose  source  is  not  reported. 

Table  84. — Places  having  ground-tvaUr  supplies. 


Locality. 


Source  of  supply. 


Adft.. 


Adrian 

Albert  Let.... 

Aldeo 1  deep  well 

Akxandria I  Dug  well.. 

Appleton I  1  well 


2  tubular  wells  through  clay 
to  sand. 

1  large  well 

Artesian  wells  In  rock 


Depth. 


265  feet.. 
47  feet  o. 


Diameter  of 
well. 


Remarks. 


2  Inches. 
12  feet  a. 


Auxiliary    supply 
from  State  ditch. 


Austin 5  wells  drilled  in  sandstone. . 


B«IIePlaine. 

Bmidji 

B«nson 

BinlliUnd.. 
Biwibik 


BltckDuck 

Blooming  Prairie. 
Blue  Earth 


Browns  Valley  . . . 
Caledonia 


Cambridge 

Cannon  Falls. 
Cass  Uke. . . . 
Chaska 


1  well 

5  driven  wells  in  swamp 

2  wells 

1  tubular  well 

Dug  well  through  clay  into 

gravel. 

2  driven  wells 

1  tubular  well  In  the  rock 

2  drilled  wells;  supply  from 
sandstone. 

Springs  in  side  of  bluff 

1  drilled  well;  supply  from 
sandstone. 

1  drilled  well  In  sandstone 

1  drilled  well 

4  driven  weils  in  sand 

Idrillcdwell 


(One  150  feet... 
{One  400 feet... 
(Three  600  feet . 


Chatfleld '  1  drilled  well;  supply  from 

I      rock. 

Dwr  River 1  flowing  well  through  clay 

into  gravel. 

I>etrolt ShaUowdugweU 

El3K)PB '  1  well. 


Fkrihttiiif  i/2  artesian  wells 

*^*'^^"*^ :\2  surface  weUs. 


Fertile 

Fort  SnelUng. 

Fosston 


FuMa... 
Gleoooe. 


Glenwood.. 
Onceville.. 
Grove  City. 

Hector 

Herman 


Hibhing 

Hat4^in9on . 
Jackson 


JtnesTOle. 


1  weU  through  clay  Into  gravel. 
Artesian  well;  supply  from 

sandstone. 
1  dug  well  through  clay  Into 

sand. 

1  well  entering  rock 

1  drilled  well;  supply  from 

sandstone. 

Springs 

Deep  wcU 

1  deep  well 

1  tubular  well  through  clay 

mto  gravel. 
Dug   well;    old    prospecting 

shaft. 

Idrillcdwell 

1  dug  well  in  alluvial  gravel . . 


lOOfeeto 

30 feet I  20 feet. 


(One  7i  inches 
Pour  Hi  m- 
ches 


Connection  with 
Porame  de  Terre 
River. 


106  feet 3|  inches. 


285  feet. 
176  feet. 


90  feet.. 
244  feet. 
1375  feet. 
1672  feet. 


31Bfeet. 

140  feet. 
400  feet. 
28  feet.. 
640  feet. 


8  inches ! 

9  feet  square  I 

4inehe8 

10  inches I 

6  inches 

8  inches i 


8  inches. 


I 


.do. 
.do. 


200  feet. 
96  feet.. 


8  inches  . 
6  inches. 
3  inches. 


300  feet. 
800  feet. 
700  feet - 
20  feet.. 
250  feet. 
636  feet. 


6  inches. 


40  feet... 

230  feet... 
1,728  feet. 


6  inches. . 
10  inches. 


20  feet. 


8  inches. 


Kenyon 

Uke  Benton ,  _ 

UkeCity ■  1  dug  well  in  sand . 


1  well;  supply  from  gravel . 

1  wen  drilled  in  rock 

1  shallow  well 

IweH. 


740  feet. 
420  feet. 
122  feet. 

21 5  feet. 

160  feet . 
20  feet . . 


I  8  inches. 

do... 

I  6  inches. 


UkeCrystAl. 


UltoOeld.. 
Uke  Park. 
Uoesboro. 


1  well  drilled  in  rock. 


1  tubular  well . 

1  well;  supplv  from  gravel . . 


75  feet . . 
200  feet. 
25  feet.. 


!  10  inches I 

120      feet  I 
square. 

3  inches 

8  inches I 


775  feet '  8  inches. 


A  spring  in  side  of  bluff '  3  feet 

•  Bien.  Kept.  Minneaota  State  Bd.  Health,  1899-1900,  pp.  168-204, 


185  feet '  8  inches 

350  feet '  8  inches 

I  30      feet 

I  square. 


Chiefly    used    for 
fire  protection. 


Connection  with 
Des  Moines 
River. 


Emergency  con- 
nection with 
Lake  Pepin. 

For  fire  purposes 
only. 

Supply  from  sand. 
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Table  M.— Places  having  ground-water  supplies — Continued. 


LocaUty. 


Le  Suear 

Litcbfield 

Long  Prairie . 

Luyeme 

McKiDley 


Madelia. 
MadiBon. 


Source  of  supply. 


Idrllledwell 

Driven  wells  in  gravel 

2  dug  wells;  masonry  lining . 

1  well  dug  in  quicksand 

Driven  points  in  gravel  on 
shore  of  lake. 

2wells 

Dug  wells 


Depth 


Diameter  of 
well. 


■{■ 


Mankato 2  artesian  wells  in  rock 

Mapleton 1  deep  well 

Marshall 1  artesian  well  in  rock,  1  deep 

well,  1  dug  well  40  feet  deep 
by  12  feet  in  diameter  with 
i      2  driven  points  in  it. 

Minneota '  1  tubular  well;  supply  from 

I     sandstone. 
Montevideo i  Collecting  galleries  in  a  gully 


G68feet Sinches. 

42  feet ,  2  inches. 

[20feet 12feet. 

40feet 

22  feet 

45  feet 


206  feet. 


650  feet. 
265  feet  a 
r410  feet . 
250  feet. 
70  feet . . 
90  feet . . 
105  feet . 


30  feet... 
20  feet... 
5 inches '  Seep.  122. 


Remarks. 


6  inches. 


8  inches. 
4  inches. 

9  inches. 
6  inches. 


north  of  town. 


Montgomery 1  well  through  blue  clay ' 

Montfcello IdriUedwdl 

Mora 1  driven  well j 

Morris {  5  driven  wells  in  sand  and 

I     gravel. 

Morton |  Springs  in  gravel  bluff ' 

Mountain  Lake 1  dug  well;  stone  curbing [ 

New  Prague j  1  well | 

NewUlm i  6  drilled  wells;  supply  from  \ 

I     sandstone.  I 


238  feet I  10  inches.. 

237  feet \  8  inches. . . 

210  feet ;  10  Inches. . 

78  feet '  8  inches. . . 


I 


Northfield 1  drilled  well;  supply  from 

sandstone. 
North  St.  Paul....!  1  well 


10  feet ; 

300 feet '  8inohes 

200feet i  Three    8 

inches, 
two  6 
inches, 
one  10 
Inches. 
8  Inches 


640  feet. 
300  feet. 


Ortonville .*..   1  duff  well 

Owatonna 5  drilled  wells  in  rock;  1  dug 

well  20  feet  by  27  feet. 

Paynesvllle '  4  tubular  wells 

Perham |  1  large  well 


For  fire  protectioo 
only. 


Emergency  con- 
nection to  Chip- 
pewa River. 


Iron    collects    in 


8  inches Emergency  con- 
nection with  a 
lake. 

45feet 26feet ' 

One    650    feet,    r8inches liao-foot    weUs   in 

one    90    feet,  {5  inches \    bottom  of  dug 

three  120  feet.   (8  inches |    well. 

80  feet !  3  inches. 


Pipestone |  2  wells  entering  rock  at  30  feet 

Plainview I  2  drilled  wells;  supply  from 

I      sandstone. 
Preston !  1  spring 


1/200 feet I  Ohiches. 

\365feet 8inches. 


For  fire  protection 
only. 


Princeton 1  tubular  well  In  gravel . 

Redwood  Falls 1  dug  well 


Renville i  1  well  through  clay  into  sand. 

Rochester Bricked  well  in  gravel  and 

j      driven  points  (large  well). 

Rush  City Shallow  wells 


I335feet 4|  inches...., 

1700  feet 5}  inches. ... ' 

Inclosed  with  rock 

and  covered. 

'  187  feet 8  inches 

20  feet 12  feet Connection    with 

1      Redwood  River. 

230feet 8inche8. 

30  feet 30  feet . . 


Rushford 1  drilled  well;  supply  from 

sandstone. 

St.  Charles 1  well;  supply  from  sand- 
stone. 


565  feet 6  inches. 


942feet lOinches... 


St.  James 2  drilled  wells , 

^^-  ^*^®'" {l  drilled  well  in  the  rock! V.'. 

Sandstone 2  wells  drilled  in  sandstone . , 

Sherburne 1  artesian  well 

Slayton ,  1  tubular  well 


1185 feet '  8inches.... 

•  1385 feet lOinches... 

.1  40  feet 

.   350feet 8inches.... 

jlSOfeet lOinches... 

-l750feet Winches.... 

.    200feet« 

.   205 feet 8inches.. 


Sleepy  Eye '  Dug  well  with  casing  in  bot-    20feet 20feet 

tom  driven  to  rock. 

South  St.  Paul Artesian  wells 

South  Stillwater . .    Dug  and  stoned   well  con-    25  feet 20  feet 

nected  with  a  brook. 

•  Bim.  Bept.  MinnMoU  8ut«  Bd.  Health,  180»-19OO,  pp.  168-904. 


Elmeigenoy  con- 
nection with 
Bear  Creek. 

Fire   protection 
only. 

Oblectionable 
odor. 


I  Dug  well  for  boiler 
^    use  only. 


Supply  from  sand 
and  gravel. 


For  flie  protection 
only. 
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Tablk  84. — Places  having  ground-water  supplies — Continued. 


LocaOty. 


Sooroe  of  supply. 


Depth. 


Diameter  of 
weU. 


Remarks. 


Sprinsfleld 

Spring  Valley 

StewartviDe 

StiUwater 

Tiacy 

Vi^gtaiia 

Wadena 

Wamn 

Waseca 

Waterrille 

WeOf 

West  Mmneapolis 

Wheaton 

White  Bear  Lake. 
WQhnar 

Windom 

Wimiehagoaty.. 
Wfaiona 

Winthrop 

Worthington 

Zomhrota* 


IweU 

Isprinc 

Iwell^Uledinrock.... 
Spring  and  a  deep  well . 


28 feet 6inchea. 


62feet Sinchee. 

750feet Sincbes. 


1  drilled  weU . 
Driven  well... 


500  feet. 


1  dog  well  in  gravel 

1  well  through  hardpan  to 
sand. 

2drilled  wells 

IdrUledwell 

2well8 

IdrUledwell 


22  feet.. 
200  feet. 


f400feet.. 

tl,000  feet . 

185  feet... 


2well8 

1  deep  well . 
Wells 


200  feet. 
600fe«t. 


[150  feet. 
1180  feet . 


10  inches. 


20  feet . . 
8  inches. 


40  inches. 

8  inches. . 
[8  inches. . 
[12  inches. 
8  inches. . 


18  feet  by  8 
J  feet  4  inches 
10  inches 


1  dog,  1  drilled,  and  13  driven 


'X 


240  feet. 

rOne20feet i  14feet.. 

{One  280  feet {  8  inches. 


Iwell 

2  wdls  in  atlnviom . 


[Thirteen  (10  feet 
283  feet 
35  feet. 


1  tabular  well:  supply  from 

navel  and  sand. 
4  driven  wells 


1  well  drilled  into  limestone. '. 


230  feet. 
60  feet . . 


210  feet . 


3  inches. 
Shiches. 
50  feet. 


10  inches 

Three  10 
inches, 
one  8 
inches. 


Auxiliary  supply 
from  Lake  Mo- 
Kusick.Seep.95. 

Emergency  con- 
nection with  Sil- 
ver Lake. 


For  fire  protection 
only. 


[Points  driven  in 
bottom  of  shal- 
low well. 

Connection  with 
Mississippi 
River. 


a  Bien.  Rept.  Minnesota  State  Bd.  Health,  lWl-2,  p.  327. 
Table  85. — Places  having  surface  water  supplies. 


LocaBty. 

Source  of  supply. 

Filtered. 

Remarks. 

.UtWn 

Mud  River 

No 

.\aoka 

RtiiTi  Rfv«ir. ,. 

No 

BminoH              

Mississippi  River 

Filtering  capacity  Inadequate. 

■ 

Bnekanrfdge 

Ottertafi  River 

Red  Lake  River 

Crow  River 

No 

CrookstonT. 

No".  '.".' 

Deiaiio 

No 

No 

Yes 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

For  fir©  protection  only. 

wihith. ............... 

lAke  Superior 

T^fu?  T^ke 

^r^.......; 

ET*th:.::::.:.:..::.. 

St.  Marys  Lake 

LakeBudd 

FainaoDt 

Feigos  Falls 

Ottertail  River 

Hal«T/ftke.-    .  . 

Gnid  Rapidis 

Granite  Falls 

Minnesota  River 

Two  Rivers 

So-caned  filter  of  no  practical  value. 

HtOock 

Uttle  Falls 

Mississippi  River 

Sauk  River 

IWroae.      ...           ... 

For  fire  protection  only. 
Do. 

SSr:::::::::::::::: 

Rum  River 

MinneaDolis    

Mississippi  River 

RedRiv«r 

Mowffiad  :::::;:::::; 

Osakia 

OsakisLake 

Do. 

P&rk  Rapids 

Fishhook  River 

Mississippi  River 

do 

t^all  lakee    .... 

Little  used  for  domestic  purposes. 
For  fire  protection  only. 

Auxiliary  supply  from  artesian  wells.    See 

p.  110. 
Little  used  for  domestic  purposes. 

R«dwiS...;::::   .. 

».(£o?. 

8t.Panl 

8Mk  Center 

Sauk  River 

8paru 

Ely  Lake 

Tw?...:;::;:;;:;:.. 

Creek       

For  fire  protection  only. 

T«oHart>ors 

Lake  Superior 

Leech  Lain 

Wslfcer 
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Table  86. 

— Settlements  having 

no  public 

water  supply. 

Aigyle. 

Farmington. 

Sauk  Rapids. 

Audubon. 

Frazee. 

Scanlon. 

Buffalo. 

Glenville. 

Shakopee. 

Carlton. 

Hastings. 

Soudan. 

Claremont. 

Heron  Lake. 

St.  Hilwre. 

Cloquet. 

North  Branch. 

St.  Louis  Park. 

Cokato. 

Ottawa. 

Staples. 

Dakota  City. 

Pelican  Rapids. 

Taylors  Falls. 

Dodge  Center. 

Pine  City. 

Thief  River  Falls. 

East  Grand  Forks. 

Proctorknott. 

Waconia. 

Elk  River. 

Red  Lake  Falls. 

Wabasha. 

Excelsior. 

Royal  ton. 

West  St.  Paul. 

Table  87.- 

-Places  whose  source  of  supply 

is  not  reported. 

Akely. 

Chisholm. 

Westbrook. 

Canby. 

New  Ix)ndon. 

West  Concord. 

Several  interesting  facts  are  revealed  by  these  tables.  Possibly  the 
most  striking  one  is  that  only  15  settlements,  with  a  population 
exceeding  1,000,  according  to  the  census  of  1900,  are  without  public 
water  supplies.  The  next  is  that  less  than  25  per  cent  of  the  supplies 
are  surface  waters;  while  correlative  with  this  seeming  preponderance 
of  ground  supplies  is  the  fact  that  St.  Paul,  Minneapolis,  and  Duluth, 
the  three  largest  cities  in  the  State,  use  surface  water,  except  that 
the  St.  Paul  system  is  provided  with  auxiliary  wells.  Among  cities 
of  moderate  size  those  in  the  southern  or  older  part  of  the  State  are 
generally  supplied  from  wells,  and  those  in  the  northern,  or  more 
recently  settled  part,  are  generally  supplied  from  lakes  or  streams. 


DEVELOPMENT   OF   WATERWORKS. 

In  the  natural  development  of  commimities  water  supply  19  now 
one  of  the  first  public  utilities  to  be  considered.  Many  things  which 
were  once  looked  upon  as  luxuries  are  to-day  necessities,  and  water 
available  for  use  in  the  house  and  in  the  streets  ranks  high  in  this  list. 
When,  therefore,  a  newly  established  village  is  obliged  to  install 
waterworks  in  order  to  obtain  reasonable  insurance  rates,  an  adjacent 
river  or  lake  is  seized  upon  as  the  most  convenient  source  of  supply 
for  fire  protection.  When,  subsequently,  the  householder  desires  to 
have  running  water  in  his  dwelling,  he  discovers  that  the  water  of  the 
river  or  lake  is  colored,  turbid,  or  so  polluted  that  it  is  imdesirable. 
Since  color  and  turbidity  are  the  most  obvious  troubles  they  are  avoided 
by  the  use  of  shallow  wells  in  the  line  of  seepage  to  the  lake  or  stream. 
The  householder  then  finds  that  the  water  from  these  shallow  wells  is 
invariably  harder  than  the  surface  water;  that  it  takes  an  enormous 
amoimt  of  soap  to  wash  with  it;  that  steam  boilers  are  corroded  or 
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scaled  by  it;  and  that  frequently  it  contains  so  much  iron  that  cloth- 
ing washed  in  it  is  rusted  and  stained.  The  next  move  is  to  explore 
the  deeper  aquifers  for  more  suitable  water,  and  in  r^ons  where  it  is 
possible  to  obtain  supplies  in  this  manner  deep  wells  are  generally 
used  as  a  source  of  public  water.  The  wells,  however,  fail  to  meet 
the  increasing  demand  and  connection  with  the  river  is  made  for  use 
in  emergencies.  The  supply  is  then  worse  than  ever  from  a  hygienic 
point  of  view,  for  it  is  never  known  when  the  polluted  surface  water 
is  in  use  or  when  after  its  use  the  pollution  introduced  into  the  system 
of  pipes  has  disappeared.  By  increased  consumption  of  the  surface 
water,  due  to  continued  growth  of  urban  population,  the  deep  wells 
in  turn  become  the  auxiliary  supply  and  are  frequently  abandoned 
alt<^tber.  Finally,  the  ultimate  step  of  filtering  the  surface  water  is 
taken  and  the  city  has  an  abundance  of  safe,  soft  water.  All  settle- 
ments do  not  pass  consecutively  through  every  one  of  these  stages. 
Some  places,  profiting  by  the  experience  of  their  neighbors,  jump  at 
once  to  the  filial  solution  of  the  problem,  and  some  never  progress 
beyond  the  first  condition.  Cities  aflFording  examples  of  all  the  diflFer- 
ent  stages  of  development  in  water  supply  are  found  in  Minnesota. 

COMPARATIVE   VALUE   OF   SURFACE   AND    GROUND   WATERS. 

Many  factors  other  than  the  age  of  the  settlement  have,  however, 
influenced  a  choice  between  surface  and  groimd  supplies.  The  quan- 
tity of  water  always  has  been,  and  doubtless  always  will  be,  the  chief 
controlling  condition.  The  supply  and  the  demand,  present  and 
prospective,  can  be  accurately  estimated  by  mechanical  contrivances, 
and  the  results  of  these  measurements,  reduced  to  gallons  per  day,  can 
be  comprehended  by  a  majority  of  the  consumers.  There  must  be  at 
all  times  sufficient  amoimt  of  water  and  sufficient  pressure  to  afford 
adequate  protection  in  case  of  fire;  sanitary  appliances  require  fixed 
supplies  for  their  proper  performance  of  duty;  sprinklers,  hydraulic 
elevators,  and  steam  boilers  also  demand  a  never-failing  quantity; 
therefor©  the  quality  of  the  water  is  regularly  subordinated  to  the 
quantity.  In  recent  years,  however,  the  quality  has  been  receiving 
more  and  more  attention.  It  has  been  demonstrated  that  certain 
diseases  are  transmissible  by  water.  It  has  been  shown  by  experience 
that  water  acceptable  from  a  hygienic  point  of  view 'will  not  be  drunk 
if  it  is  muddy,  highly  colored,  or  odoriferous.  With  increased  scru- 
tiny of  the  cost  of  production  in  industries,  the  removal  of  the  harden- 
ing constituents  of  water  is  receiving  more  careful  attention. 

As  has  been  noted  in  previous  pages,  very  few  surface  water  sup- 
plies in  Minnesota  are  well  protected  against  pollution,  and  many  of 
than  are  therefore  likely  to  become  the  vehicles  for  the  transporta- 
tion of  pathogenic  bacteria.  Without  engaging  in  a  lengthy  discus- 
sion of  the  problem  it  may  be  said  that  many  of  the  shallow  wells 
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used  for  public  service  are  also  exposed  to  danger  of  infectioa 
that  the  users  of  them  depend  too  much  on  the  overtaxed  filtrtti 
power  of  the  surrounding  soil  or  gravel.     On  the  other  hand,  tbe 
wells,  especially  those  in  southern  Minnesota,  can  probably  b* 
sidered  safe  from  a  hygienic  standpoint  if  they  are  carefully 
Nearly  all  of  the  deep  driven  or  drilled  wells  go  through. impei 
strata,  which  effectually  cut  off  surface  drainage  and  protect  the  u; 
lymg  water-hearing  beds.     Deep-well  water  is  usually  more  sa 
tory  in  "  esthetic ''  ciualities  than  raw  surface  water.     In  the  oori 
or  forested  portion  of  the  State  many  of  the  streams  are  frequei 
so  highly  colored  that  their  water  is  undesirable  for  domestic  m^ 
its  raw  condition,  and  requires  careful  filtration  before  it  can  be 
suitable  for  many  industries.     In  the  southern  or  prairie  secti*iii 
Minnesota  floods  scour  the  easily  disintegrated  banks  of  the  st 
and  the  resultant  muddy  water  is  objectionable-     Some  of  the 
well  M^ftters  develop  growths  of  micro-organisms  that  impart  to 
disagreeable  odors  or  tastes  and  cause  troublesome  flocculent  de] 
in  pipes.     The  surface  waters  are  much  softer  than  the  git)mid  wii 
The  deep- well  waters  carry  more  mineral  matter  than  those  of 
lakes  and  streams  in  the  same  region  for  many  reasons.     They 
longer  and  more  intimately  in  contact  with  the  limestones  and  oi 
rocks  containing  soluble  minerals  in  the  strata  through  which 
pass.     Their  solvent  action  on  the  minerals  with  which  they 
in  contact  is  greater  than  that  of  surface  w^aters,  because  of  t1 
greater  content  of  carbon  dioxide,  greater  pressure^  and  other  diff^' 
ences  in  physical  conditions*     In  additicjn  they  are  not  so  immediitcf;. 
subject  to  dilution  by  soft  running  water  or  by  rains.     Since 
underground  w^aters  cariy^  a  large  amount  of  scale-forming  and  ctiT^ 
rosive  ingredients,  the  task  of  procuring  good  water  for  use  in  Vk^"- 
motives  and  for  other  steaming  purposes  is  difficult  in  some  pi 
of  southern  Minnesota.     The  general  employment  of  deep-well  wat 
in  laundrie4S  and  for  domestic  purposes  is  not  economical,  for  thfj 
must  be  artLficially  softened  before  they  can  be  used.     The  repari* 
of  waterworks  superintendents  throughout  the  State  show  thati* 
the  majority  of  towns  supplied  with  Avell  waters  it  is  necc^ssary  k>u^ 
preheatera  and  l>oiler  compounds  to  make  the  water  suitable  fiir 
steaming  purposes.     Soda  ash,  tris<Klium  phosphate,  oils,  vegeubh 
mixtures,  and  all  kinds  of  proprietary'  boiler  compounds  are  cosii- 
monly  employed.     In  the  smaller  cities  such  trouble  as  this  is  not  ^ 
serious  as  absolutely  to  prohibit  the  use  of  hard  well  w^ater,  but  i' 
the  large  cities  it  has  been  found  necessary  to  provide  a  soft  siirfaf^' 
water  for  steaming  purposes,  because  the  cost  of  softening  the  vd 
water  would  economically  prohibit  its  use.     At  present  the  solutioie 
of  the  problem  seem  to  be,  on  one  hand^  the  filtration  of  the  impra^ 
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tected  surface  supplies,  or,  on  the  other,  the  adoption  of  two  separate 
systems,  with  deep-well  water  for  general  domestic  use  and  with 
raw  lake  or  stream  water  for  fire  protection  and  industrial  use.  The 
latter  is  costly  to  install  and  affords  a  menace  to  health,  since,  if 
available,  it  might  lead  to  the  use  of  an  unsafe  supply  for  drinking 
and  other  domestic  purposes. 

METHOBS  OF  ANAI.TSIS. 

CHEMICAL   EXAMINATIONS. 

Field  assays. — Color,  turbidity,  iron,  chlorine,  sulphates,  alka- 
linity, and  total  hardness  were  determined  according  to  the  methods 
outlined  in  Water-Supply  Paper  151,  entitled  **  Field  Assay  of  Water." 
Odor  was  determined  cold  and  expressed  as  outlined  in  Tables  92  and 
93.  The  field  analyses  were  all  made  under  cover,  either  in  a  hotel 
room  or  in  the  office  of  the  local  health  officer.  The  determinations 
of  color,  odor,  iron,  and  turbidity  are  comparable  in  accuracy  with 
laboratory  results  obtained  by  the  same  procedures.  The  determi- 
nation of  chlorine  is  probably  least  accurate  on  accoimt  of  its  rela- 
tively low  percentage  in  the  waters  as  compared  with  the  strength 
of  silver  nitrate  tablet  used.  The  high  color  of  some  samples,  error 
in  measuring  the  amount  of  water  used,  and  the  variation  in  the 
strength  of  tablet  may  all  be  sources  of  error  in  the  determination 
of  alkalinity.  These  factors  may  cause  a  probable  error  of  5  to  10 
parts  per  million.  In  case  total  sulphates  were  too  low  for  deter- 
mination by  the  turbidimeter,  the  amount  was  estimated  by  the 
cloudiness  of  the  precipitated  fluid  when  held  up  to  the  light.  Total 
hardness  was  so  low  in  nearly  all  cases  that  the  results  are  compara- 
ble with  laboratory  figures  obtained  by  using  soap  solution.  When 
turbidity  was  less  than  7  on  the  graduated  turbidity  rod  the  expres- 
aon  "  <7"  has  been  used. 

Laboraiory  analyses  before  August,  1904. — Samples  were  collected 
m  2-quart  cork-stoppered  or  1-gallon  glass-stoppered  bottles  and 
shipped  in  locked  wooden  boxes  to  the  laboratory,  where  they  were 
submitted  to  chemical  examination.  A  few  analyses  were  made 
by  Prof.  G.  B.  Frankforter,  dean  of  the  chemical  department.  Univer- 
sity of  Minnesota,  or  by  Dr.  E.  H.  Beckman,  assistant  bacteriologist, 
Minnesota  State  board  of  health.  Standard  methods  were  used  in 
the  work,  and  the  results  are  comparable  with  any  laboratory  analy- 
ses. The  greater  part  of  the  chemical  laboratory  work  done  during 
this,  period  was  performed  by  H.  C.  Carel,  assistant  professor  of 
medical  chemistry.  University  of  Minnesota,  who  was  employed  by 
the  State  board  of  health  to  make  chemical  examinations  of  water. 
He  determined  quantitatively  chlorine,  ammonias,  and  total  hard- 
ness according  to  current  methods. 
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LdborcUory  examinations  after  August ^  1904. — ^Th®  chemical  &nalji 
made  between  August  1,  1904,  and  July  1,  1905,  were  performed) 
R.  B.  Dole,  assistant  hydrographer,  United  States  Geological  Surw 
Color,  turbidity,  iron,  and  sulphates  were  determined  according 
the  methods  outlined  in  Water-Supply  Paper  151  and  circular  9 
the  hydrographic  branch.  Since  it  was  believed  that  the  importpi 
of  the  determination  of  sulphates  did  not  warrant  the  more  laboric 
gravimetric  method,  the  Jackson  electric  turbidimeter  was  used 
nearly  all  cases.  In  the  determination  of  iron  the  samples  were  boik 
vigorously  with  nitric  acid  in  order  to  insure  complete  change  of 
iron  to  the  ferric  form. 

Chlorine,  free  and  albuminoid  ammonia,  and  nitrates  were  deli 
mined  according  to  the  methods  described  by  Mason «  with 
exceptions.  If  the  chlorine  content  was  less  than  5  parts  per  milli^ 
250  cubic  centimeters  of  the  sample  were  concentrated  on  the  witt 
bath  with  1  drop  of  strong  sodium  carbonate  solution  before  titn 
tion.  Albuminoid  ammonia  was  determined  on  the  residue  after  tk 
free  ammonia  estimate  by  distilling  five  50  cubic  centimeter  tuta 
after  adding  a  freshly-boiled  alkaline  permanganate  solution.  MmJ 
of  the  samples  were  highly  colored  and  were  decomposed  very  alofljl 
by  the  oxidizing  agents  employed. 

Nitrites  were  determined  by  the  Ilosvay  modification  of  the  Greisi 
method:  0.5  gram  sulphanilic  acid  was  dissolved  in  150  cubif 
centimeters  acetic  acid  (specific  <i:ravity  1.04);  0.1  gram  naphthy- 
lamine  hydrochloride  was  boiled  in  20  cubic  centimeters  of  water. 
filtered  through  a  plug  of  absorbent  cotton,  diluted  to  200  cuhio  centi- 
meters with  acetic  acid  (specific  gravity  1.04),  and  mixed  with  tfe 
sulphanilic  acid  solution.  Five  cubic  centimeters  of  this  reagent  ws* 
added  to  100  cubic  centimeter  amounts  of  the  waters  imder  examina- 
tion in  beakers  and  coincidently  to  appropriate  dilutions  of  a  stamlani 
nitrite  solution.  By  comparison  of  the  colors  at  the  end  of  twenty 
minutes  the  amount  of  nitrites  was  estimated.  Both  nitrites  and 
nitrates  are  reported  as  nitrogen. 

Alkalinity  was  estimated  by  titrating  with  N/50  sidphiiric  aoii 
using  methyl  orange  indicator.  Fre(*  carbon  dioxide  was  found  l>J 
titrating  with  N/IO  sodium  carbonate,  using  phenolphthalein  indi- 
cator. 

For  total  solids  100  cubic  centimeters  of  the  sample  was  evaporated 
to  dryness  on  the  water  bath  in  a  tared  platinum  dish,  dried  at  llO^C 
for  two  hours,  cooled,  and  weighed.  For  "soluble  solids''  the  totil 
residue  was  extracted  f«r  ten-minute  periods  with  three  successive 
portions  of  20  cubic  centimeters  each,  of  65  per  cent  alcohol;  after 
each  digestion  the  alcohol  was  carefully  decanted;  finally,  the  residue 

a  Mason,  W.  P..  Chomical  cxaniinatioii  oT  water,  1902, 
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'>*^  C.  for  one-half  hour,  cooled,  and  weighed.  This 
»d  approximately  to  separate  the  incrustants  from  the 
-  for  silica,  ferric  oxide,  calcium  carbonate,  calciiun 
iiagnesium  carbonate  are  practically  insoluble  in  65 
il.  Therefore  the  difference  between  the  total  solids 
solids  represents  approximately  the  incrustants  in  the 


OSS  was  determined  by  titrating  50  cubic  centimeters  of 

iluted  sample  with  standard  soap  solution  as  described 

The  mineral  content  of  most  of  the  waters  tested  is 

he  figure  representing  the  so-called  'Hotal  hardness"  is 

ilueless  and  frequentl}^  does  not  bear  proper  relation  to 

)Tganic  estimates. 

'tical  data  are  expressed  in  parts  per  million.     Odor  is 
outlined  in  circular  8  of  the  hydrographic  branch  of  the 
'>rding  to  the  following  tables: 

Table  8S.  -DcMriptiun  of  wior. 


8.  Hweetish. 

o.  oily, 

a.  aromatic, 

o.  t^arthv. 


f.  fishy. 

d.  disagreeable. 

p.  jH'aly. 

1L.S.  hydrogen  sulphide. 


Table  89. — Intensity  o/whr. 


Term.         i  Approximate  deflnitiun. 

I  ~  "       '■■  ~ 

one No  odor  perceptible. 

try  faint i  An  odor  that  would  not  be  ordinarily  detected  by  the  averaee  consumer,  but 

that  could  be  detected  In  the  laboratory  by  an  experiencea  observer. 

^alnt !  An  odor  that  the  consumer  might  detect  if  his  attention  were  called  to  it,  but 

I      that  would  not  otherwise  attract  attention. 

Distinct An  odor  that  would  be  readily  detected  and  that  might  cause  the  water  to  be 

I      regarded  with  disfavor. 

Dedded |  An  odor  that  would  force  itself  upon  the  attention  and  that  might  malce  the 

I      water  unpalatable. 
Very  strong...   An  odor  of  such  intensity  that  the  water  would  l>e  absolutely  imfit  to  drlnlc; 
I  ;      a  term  to  be  used  only  in  extreme  cases. 
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mmphs. — All  samples  wtTe  collected  in  glass-stop- 

ivintT  a  capacity  of  300  cubic  centimeters.     After  the 

washed  the  stoppers  were  placed   in 

^t* >d  between  the  stopper  and  the  neck 

ti>i)per  from  sticking,  a  clean  cloth 

,^fltM  iind  employed  by  the  Kennicott  Water  Softener 

t h  «■  r  r  I  i  s  t ,  Pennsylvania  Lines. 
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reaching  well  down  on  the  neck  of  the  bottles  was  put  over  the  stopper 
and  firmly  tied  to  the  neck  with  twine.  The  bottles  thus  prepared 
were  sterilized  by  dry  heat  at  a  temperature  of  160°  C.  for  at  least  an 
hour.  After  the  samples  were  collected  the  stopper  was  replaced,  the 
cloth  tied  in  position,  and  the  sample  labeled  and  taken  to  a  hotel  or 
some  suitable  place  for  making  the  plates.  All  platen  were  made 
within  two  hours  of  the  time  of  collection. 

Method  of  pouring  plates, — All  Petri  dishes  were  wrapped  in  filter 
paper  and  sterilized  by  the  same  method  and  for  the  same  length  of 
time  as  the  bottles  previously  mentioned.  With  a  sterile  pipette  the 
desired  amount  of  water  was  taken  from  the  above-mentioned  bottle 
after  thorough  shaking  and  placed  in  a  sterile  Petri  dish.  Tubes  of 
plain  agar  and  litmus  lactose  agar  containing  about  10  cubic  centi- 
meters of  the  media  were  melted  in  a  portable  water  bath  and  allowed 
to  cool  nearly  to  the  point  of  solidification  (about  45°  C.  to  50°  C). 
The  cotton  plugs  of  these  tubes  were  burned  off  in  the  open  flame,  the 
plug  was  removed,  the  mouth  of  the  tube  placed  in  the  flame  for  a  few 
seconds,  and  the  contents  of  the  tubes  poured  into  the  Petri  dish  con- 
taining the  measured  quantity  of  water.  The  cover  of  the  Petri  dish 
was  immediately  replaced  and  the  contents  of  the  dish  were  thor- 
oughly mixed  and  evenly  distributed  in  the  usual  manner.  After 
the  media  had  solidified,  the  Petri  dish  was  labeled,  replaced  in  the 
sterile  filter  paper,  and  shipped  to  the  laboratory. 

Quantity  of  water  used, — Usually  plain  agar  plates  were  made  with 
0.5  cubic  centimeter  and  0.1  cubic  centimeter  of  water  and  litmus 
lactose  plates  with  0.5  cubic  centimeter  of  water.  These  amounts 
were  varied  as  circumstances  demanded. 

Estimation  of  average  number  of  colonies. — The  plain  agar  plates* 
were  used  as  a  basis  for  all  colony  counts.  These  plates  were  incu- 
bated at  a  temperature  of  22°  C.  for  forty-eight  hours  after  reaching! 
the  laboratory.  Whenever  it  was  possible  the  total  number  of  colo- 
nies on  each  plate  was  counted.  Otherwise  a  definite  fraction  was 
counted  and  the  total  number  estimated  from  this  count.  In  com- 
puting the  average  number  of  colonies  from  two  or  more  plates  con- 
taining difTerent  amounts  of  water  the  following  method  was  used: 
The  total  number  of  colonies  per  cubic  centimeter  for  each  plate  was 
multiplied  by  the  number  of  tenths  of  a  cubic  centimeter  used  in  mak- 
ing that  plate;  these  amounts  were  then  added  and  the  sum  v^as 
divided  by  the  number  of  tenths  of  a  cubic  centimeter  contained  in  all 
the  plates.  For  example,  suppose  there  were  two  plates  made  using 
0.5  cubic  centimeter  and  0.1  cubic  centimeter  of  water.  The  total 
number  of  colonies  per  cubic  centimeter  on  the  plate  containing  0.5 
cubic  centimeter  of  water  was  multiplied  by  5.  To  this  amount  was 
ftdded  the  total  number  of  colonies  per  cubic  centimeter  on  the  plate 
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containing  0.1  cubic  centimeter  of  water  and  this  sum  divided  by  6 — 
that  is,  the  number  of  tenths  of  a  cubic  centimeter  used  in  making  both 
plates;  the  result  was  taken  as  the  average  total  number  of  colonies 
per  cubic  centimeter  for  this  sample  of  water.  Insignificant  figures 
were  rejected,  according  to  the  recommendations  of  the  committee  of 
the  American  Public  Health  Association  on  standard  methods  of 
water  analysis.** 

Method  of  determining  the  presence  of  B.  coli  communis. — To  tubes 
containing  about  1  cubic  centimeter  of  double-strength  plain  agar 
melted  in  the  water  bath  and  allowed  to  cool  to  about  the  point  of 
solidification,  there  was  added  1  cubic  centimeter  of  the  water  by 
means  of  a  sterile  pipette.  The  tube  was  then  shaken,  the  mass 
allowed  to  solidify,  and  the  tube  labeled  and  shipped  with  the  plates 
to  the  laboratory.  Immediately  ui>on  its  receipt  at  the  laboratory 
the  solidified  mass  was  broken  up  into  fine  particles  with  a  heavy 
sterile  platinum  needle  and  a  tube  of  plain  broth  added.  The  mix- 
ture was  then  placed  in  the  incubator.  The  litmus  lactose  agar 
plates  made  from  each  sample  were  incubated  at  37^  C.  for  twenty- 
four  hours  after  reaching  the  laboratory  and  the  total  number  of 
colonies  as  well  as  the  acid  colonies  counted.  If  there  were  colon- 
like colonies  on  this  plate,  they  were  picked  and  streaked  upon  litmus 
lactose  agar.  If  at  the  end  of  twenty-four  hours  this  growth  taken 
from  individual  colonies  ap]>eared  to  be  pure,  resembled  B.  coli  comr- 
munis  under  the  microscope,  and  acidified  the  litmus  lactose  agar,  it 
was  further  tested.  If  there  were  no  colonies  on  the  litmus  lactose 
agar  plate  which  resembled  colon,  the  tube  of  plain  agar  which  had 
been  incubated  for  twenty-four  hours,  was  sown  into  fermentation 
tubes,  to  which  0.1  per  cent  phenol  had  been  added,  and  incubated 
for  twenty-four  hours  longer.  If  gas  formed  in  this  tube,  sowings  were 
made  from  it,  so  that  the  colon-like  organisms  could  be  obtained  in 
purity  and  tested.  If  no  gas  formed  in  the  fermentation  tube  and 
no  colon-like  colonies  appeared  on  the  litmus  lactose  plate,  it  was 
reported  that  B,  coli  communis  was  not  found  in  1  cubic  centimeter 
samples.  Suspected  organisms  obtained  in  pure  culture  were  sown  in 
plain  broth,  Dunham's  peptone  solution,  litmus  milk,  fermentation 
tubes  containing  1  per  cent  dextrose  broth,  Loffler^s  blood  serum,  plain 
agar,  dextrose,  maltose, saccharose,  and  lactose  litmus agars  and  potato. 
Indol  was  tested  at  the  end  of  forty-eight  hours  and  the  gas  reaction 
after  the  same  length  of  time.  In  all  instances  where  colon  was 
found  present  its  morphological  appearance  under  the  microscope 
and  its  motility  were  also  determined. 
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water  of,  analyses  of 74,75,77 

Boilers,  ground  and  surface  waters  in,  com- 
parison of 152-153 

Bois  de  Sioux  River,  description  of 124 

water  of,  analyses  of 131 

quality  of 132 

Bois  Fort  Indian  Reservation,  population 

of 130 

Boyer  Lake,  use  of,  as  loe  supply 137 

Bow  String  Lake,  location  and  area  of 12 

Bracken,  n.  M.,  acknowledgments  to 9 

Bralnerd,  conditions  at 60, 149 

lumbering  at 41 

Mississippi  River  water  near,  analy.scs 

of 60.51,52,53,55 

paper  mill  near 42 

population  of 47 

Breckenridge,  Bois  de  Sioux  River  water  at, 

analyses  of 131 

conditions  at 135, 149 

Ottertall  River  water  at,  analyses  of.. .      131 

Red  River  water  at,  analysis  ol 131 

typhoid  lever  at 29 

Breweries,  pollution  of  streams  by 34, 

40, 43, 68, 69, 78, 89, 9S,  113, 126, 139 
Brookings  County,  S.  Dak.,  population  of, 

in  Minnesota  River  basin 69 


Brooks  Lake,  use  of ,  as  ice  supply 61 

Brown  County,  population  of 69 

Browns  Creek,  water  of,  analyses  of 02-93 

Browns  Lake,  use  of ,  as  ice  supply 80 

Browns  Valley,  Bigstone  Lake  water  at. 

analyses  of 74,75 

conditions  at 80,147 

Lake  Traverse  water  at,  analyses  of  . . .     ISl 

Bnile  Lake,  location  of 12 

Budd,  Lake,  use  of,  as  ice  supply 81 

use  of,  as  water  supply 81,149 

water  of,  analyses  of 76 

Buffalo,  conditions  at 61, 130 

population  of 47 

Buffalo  Lake,  use  of,  as  Ice  supply 61 

Buffalo  River,  water  of,  analyses  of 133 

Burnett  County,  Wis.,  population  of W 

Bumtslde  Lake,  location  and  area  of 12 

Butler,  Pa.,  typhoid  fever  at 27 


Caledonia,  conditions  at 106,147 

population  of 101 

Calhoun,  Lake,  use  of,  as  ice  supply 63,64 

Cambrian  rocks,  Influence  of,  on  qu^ity  of 

water 56 

occurrence  of 19, 20. 38, 67 ,  97 

Cambridge,  conditions  at 61. 147 

Camden    Park,    Minneapolis,    analyses    of 

Mississippi  River  water  at 58 

Camp  Ramsey.    See  Ramsey,  Camp. 
Canals.    See  Ditches. 

Canby,  conditions  at » 

population  of 71 

Canby  Creek,  use  of,  as  ice  supply 80 

Cannon  Falls,  conditions  at 107, 147 

population  of 100, 101 

Cannon  River,  description  of 97 

pollution  of,  by  sewage 107, 108 

use  of,  as  ice  supply 107, 108 

Cappelen, .    See  Rinker,  Cappelen,  and 

Hazen. 

Carel,  n.  C,  analyses  by 43. 

5(V-53, 74, 76, 77, 104, 114, 118, 131, 141 

work  of 8, 153 

Carlos,  Lake,  water  In,  analysis  of 52 

Cariton,  conditions  at 121, 150 

Carlton  County,  population  of,  in   Missis- 
sippi River  basin 45 

population  of,  in  St.  Croix  River  ba^in .       90 

in  St.  Louis  River  basin iiti 

Carow  Lake,  use  of,  as  Ice  supply 135 

Carver  County,  population  of,  in  Minnesota 

River  basin f» 

population    of,    in    Mississippi     River 

basin 45 

Cass  County,  population  of 45 

Cass  Lake,  conditions  at 61, 147 

lumbering  at \i 

Mississippi  River  water  near,  anaiys«>s    • 

of 50 

Cass  Lake,  location  and  area  of n 

length  of 3fi 

use  ol,  as  ice  supply 51 

Cedar  Lake,  use  ol,  as  ice  supply 52 
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Page. 
Cedar  River,  basin  of,  area  of 11, 146 

basin  of,  description  of 145-146 

lakes  in 11 

population  of 145 

description  of 146 

poQation  of ,  by  sewage 145,146 

use  of,  as  ice  supply 146 

as  water  supply 146 

Census.    See  Population. 

fhAriott«,  Lake,  use  of,  as  ice  supply 62 

Chaska,  conditions  at 81,147 

population  of 72,100 

,  Chatfield,  conditions  at 107,147 

population  of 101 

Chemical  analyses.    5e«  Analyses,  chemical. 
Cliicago,  Milwaukee  and  St.  Paul  Railway, 

analyses  by 55,76,133 

Chippewa  County,  population  of 60 

Chippewa  Reservation,  population  of 45 

Chippewa  River,  pollution  of,  by  sewage. ..  80,83 

use  of,  as  ice  supply 80.83 

as  water  supply 148 

water  of,  analyses  of 74, 76 

Chisago  County,  population  of 90 

Chiaholm.  conditions  at 121 

Longyear  Lake  water  at,  analyses  of. .      118 

Chab  Lake,  use  of,  as  ice  supply 121 

CUremont.  conditions  at 107, 150 

Ckm  River,  location  and  drainage  area  of. .       87 

Clsy  County,  population  of 127 

Ckar  Lake,  use  of .  as  Ice  supply 85 

Qeanrater  County,  population  of,  in  Missis- 
sippi River  basin. 45 

population  of.  in  Red  River  basin 127 

Oesrwater  Lake,  use  of.  as  ice  supply 63,86 

CUmate.  discussion  of 15-18 

Ooqoet,  conditions  at 121, 150 

paper  mill  at 113 

population  of 116 

St.  Louis  River  water  near,  analyses  of.      118 

Ooqoet  River,  description  of 112 

C^3dington  County,  8.  Dak.,  population  of, 

in  Minnesota  River  basin 60 

Tohaaset,  lumbering  at 41 

Cokito.  conditions  at 61, 150 

Cokn  bacillus.    See  Bacillus  coli  communis. 

Coonnerce,  amount  and  character  of 24 

Cook  County,  population  of,  In  Lake  Supe- 
rior basin 115 

Cortwtt,  J.  F.,  b^teriological  examination 

by 53 

00  typhoid  fever  at  Minneapolis 30 

Cormorant  Lake,  location  of 12 

Corn. amount  of.  produced  in  Minnesota...       23 

Coteau  des  Prairies,  elevation  of »-10 

Cottonwood  County,  population  of,  in  Des 

Moines  River  basin 143 

population  of,  in  Minnesota  River  basin.       60 

C«ttoQwood  River,  use  of,  as  ice  supply 85 

''ntmeries,  pollution  of  streams  by 34, 43, 68 

^Maoeous  rocks,  influence  of,  on  quality  of 

water 56,73,125,120 

occurtenoeof 20  38,67,98,125 

•oils  formed  l)y 21 

Cnmked  Creek,  use  of,  as  ice  supply 106 


Page. 

Crooked  Lake,  location  of 12 

Crookston,  commerce  of 24 

conditions  at 135,149 

fluctuations  in  river  level  at 14 

Red  Lake  River  water  near,  analyses 

of 131,133 

Crops,  principal 23 

Crow  River,  drainage  area  of 38 

pollution  of,  by  sewage 62 

use  of,  as  ice  supply 62 

Crow  River,  Middle  Fork  of,  use  of,  as  ice 

supply 63 

Crow  River,  South  Branch  of,  use  of,  as 

water  supply 61,149 

Crow  Wing  County,  population  of 45 

Crow  Wing  Lake,  use  of,  as  ice  supply GO 

Crow  Wing  River,  drainage  area  of 38 

Crystal  Lake,  use  of.  as  loe  supply 63,82 

D. 

Dakota  City,  conditions  at 107, 150  , 

Dakota  County,  population  of,  In  Minnesota 

River  basin 60 

population    of,    in    Mississippi    River 

basin 99 

Dakota  sandstone,  occurrence  of 20, 125 

Dams.    See  Reservoirs,  storage. 

Dead  Lake,  location  of ". 12 

Deer  Creek,  use  of.  as  ice  supply 110 

Deer  River,  conditions  at 61,147 

Delano,  conditions  at 61, 149 

Des  Moines  River,  basin  of,  area  of 11, 143 

basin  of,  description  of 143-144 

lake  in 12 

population  of 143, 144 

description  of 143 

I>oUution  of,  by  sewage 144 

use  of,  as  ice  supply 144 

as  water  supply 144,147 

Detroit,  conditions  at 135, 147 

population  of 128 

Detroit  Lake,  use  of,  as  ice  supply 135, 137 

Deuel  County,  S.  Dak.,  population  of.  In 

Minnesota  River  basin 69 

Devils  Lake.  North  Dakota,  Ice  period  on..        16 

Devonian  rocks,  occurrence  of 98 

Disease,  transmission  of,  by  milk 27 

transmission  of,  by  mosquitoes 26 

by  water 26, 27 

Diseases,  water-borne,  discussion  of 26-33 

Ditches,  drainage,  in  swamp  areas 13, 14 

Dodge.  J.  A.,  analyses  by 55 

Dodge  Center,  conditions  at 107, 150 

Dodge   County,    population   of,   in   Ci>dar 

River  basin 145 

population  of,  in  Mississippi  River  basin.       99 

Dole,  R.  B.,  analyses  by 50-53, 

74, 75, 7G.  77,92-93, 104, 114, 118, 131, 141 

work  of 7, 8, 1.53 

Douglas  County,  population  of.  In  Minne- 
sota River  basin 60 

population  of.  In  Mississippi  River  basin.        45 
Douglas  County,    Wis.,   population  of,  in 

St.  Croix  River  basin 90 
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Dower  Lake,  use  of,  *B  toe  tiqyplj 64 

Drainage  commiaslon,  Miimeaota,  organiza- 
tion of 13 

worlc  of 13 

Drayton,  N.   Dak.,   Red   River  water  at. 

analysis  of 133 

Drift,  occurrence  of 19, 

20, 21, 3»-39, 87, 88,  C8, 124, 125 
' ' Driftiess  Area."  extent  of,  in  Minnesota. .       20 

Duluth,  commerce  of 24 

conditions  at 121, 149 

frost  at 18 

ice  period  at 16 

precipitation  at 17, 18 

temperature  at 15, 18 

typhoid  fever  at 29-30 

Dye  works,  pollution  of  streams  by 34, 40 

E. 

Eagie  Lalce,  use  of,  as  ice  supply 85 

East  Grand  Forks,  conditions  at 135-136, 150 

Red  Lake  River  water  at,  analysis  of. . .      133 

East  St.  Cloud,  conditions  at 64 

East  Swan  River,  description  of 112 

East  Two  Rivers,  use  of,  as  ice  supply 140 

Eastedge,  N.  Dak.,  Sheyenne  River  water 

at,  analysis  of 133 

Elevation,  general,  of  Minnesota 9 

Elk  River,  conditions  at 61, 150 

Elk  River,  use  of.  as  ice  supply 61 

Ellsworth.  Wis.,  population  of 100 

Elmore,  conditions  at 81, 147 

Ely,  conditions  at 140, 149 

Long  Lalce  water  at,  analyses  of 141 

Ely  Lake,  use  of,  as  ice  supply 121, 122 

use  of,  as  water  supply 122, 149 

water  of,  analyses  of 118 

quaUty  of 119,120 

Elysian,  Lake,  use  of,  as  ice  supply 81 

Embarrass  Lake,  water  of,  analyses  of 118 

water  of,  quality  of 119, 120 

Eral>arras8  River,  description  of 112 

Epidemics,   typhoid.     See  Typhoid  fever, 
occurrence  of. 

Kwloth,  conditions  at 121, 149 

population  of 116 

St.  Mar>*8  I^ki^  water  at,  analyses  of..      118 

Slh-rr  l^ko  wntor  at,  analyses  of 118  i 

typhoid  f«n*or  nt 30, 116 

underground  WHt«^r  at.  analys*^  of 114  I 

Kxoi>l»lor,  conditions  at 61,150 

F.  I 

Kslrmont,  Bndd  ImWo  wiit<»r  at,  analy«K^<t  of.        76 

oi^miltionsst Sl,i49 

iti">orp»'»  l^kr»  water  at,  analy*>5  of 76 

pt^pul«tl«>n  of 71 

Fanny  l^ki\  uf»«^  of.  as  Itv  «»upply 61   i 

Far|^>,  \.  Oak..  <NMiiiillon.^  at 136  ' 

population  of ....       12S 

KtHl  Ulver  w  at<»r  at,  anaiyj^es  of l;W  , 

Fanl^aiilt.  ctMiilmons  at 107,147 

p«ip\ilatj»^n  of 1(X»,  101 

FanhauM  <^o»inf> ,  iv>p\ilation  .^f f»  \ 

Famunui  on,  <s^ndU4ons  at M>7, 1,W  | 


Fergus  Falls,  oonditions  at Id6,l« 

Ottertail  River  water  near,  analyses 

of 131,1» 

population  of 128 

Fertile,  conditions  at 136,147 

Filariasis.  virus  of,  transmission  of 26 

Fillmore  County,  population  of,  In  Missis- 
sippi River  basin « 

FUtration,  plants  for 60, 122,  ISii,  l« 

First  Lake,  use  of,  as  ice  supply 63 

Fish  Lake,  location  of 12 

Fishhook  River,  use  of,  as  ice  supply 63 

use  of,  as  water  supply 63,  Ifi 

Floods,  effect  of,  on  sanitary  condition  of 

streams 13 

occurrence  of l.Vli» 

Flood  wood  River,  description  of 112 

Florence,  analyses  of  Redwood  River  water 

at 76 

Fond  du  Lac  Indian  Reservation,  popula- 
tion of 116 

Forest  Lake,  use  of,  as  ice  supply 62 

Forest  River,  water  of,  analysis  of 133 

Forest  River,  N.  Dak.,  Forest  River  water 

at,  analjrsis  of 133 

Forests,  Influence  of,  on  quality  of  water. . .      134 

Formations,  geologic,  description  of 1^20 

Fort  Snelling.    See  Snelling,  Fort. 

Fosston,  conditions  at 135. 147 

Fountain  Lake,  use  of,  as  ice  supply 1 45 

Fox  Lake,  use  of,  as  ice  supply S5 

Frankforter,  G.  B.,  analyses  by 51 

work  of 133 

Frazee,  conditions  at 136. 150 

population  of 12S 

Freeborn  County,  population  of.  In  C4<iar 

River  basin 145 

population  of,  in  Minnesota  River  basin.       69 

Frost,  duration  of 16,18 

Fulda,  conditions  at 144, 147 

Fulda  Lake.    See  Sevenmile  Lake. 

O. 

Gas  works,  pollution  of  streams  by 34 

40,68,89,98,113 
Geologic  formations.    See  Formations,  geo- 

l(^ic. 
Geology.    See  Formations,  geolc^ic:  name* 

of  dtoinage  hatim. 
George,  Lake,  use  of,  as  Ice  supply Si 

water  of,  ana]3r8i8of 76 

Germs,  pathogenic.    Set  Bacteria. 

Gloncoe,  conditions  at 62, 147 

population  of 47 

Glonville,  conditions  at 146,  ISO 

Glonwood.  conditions  at 81. 147 

population  of 71 

Goodhue  County,  population  of 99 

Goose  Creek,  pollution  of.  by   industrial 

wastes 89-90 

G  raoeviUe,  conditions  at 136, 147 

lake  water  at,  analysis  of 133 

Gram,  shipments  of,  from  Dulath 24 

G  rand  Forks.  N.  Dak-,  conditions  at 136 

fluctuations  in  rivwlevd  at 14 
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Grand  Rapids,  conditions  aboTe 46 

ccaKlitioM4t 62, 1« 

Hal«  LAke  water  at,  analyses  of 50,51,53 

Mississippi  basin  above,  population  of..       45 
Mississippi  River  water  near,  analysee 

of 50,61,52,53 

pspermiUat 42 

population  of 47 

Gmnite  Falls,  conditions  at 81, 146 

Minnesota  River  water  near,  analyses 

of 74,75,76 

population  of 71 

Grant  Coonty,  population  of,  in  Minnesota 

Riverbasin 6© 

population  of ,  in  Red  River  basin. 127 

Gnnt  Coonty,  S.  Dak.,  population  of,  in 

Minnesota  River  basin. 70 

Grwn,  Lake,  location  of 12 

me  of ,  as  ice  suppl  y 63 

Gnniwood  Lake,  location  of 12 

Groond  water,  use  of,  as  public  sopply  147-149, 150 
Tslue  of,   as  compared   with   surface 

water 151-153 

Grore  City,  conditions  at 62, 147 

Gull  Lake,  location  and  area  of 12 

Gan  Flint  Lake,  location  of 12 


Hale  Lake,  use  of,  as  water  supply 62, 149 

water  in,  analyses  of 50,51,52 

HaD,  C.  W.,  on  geologic  provinces  of  Minne- 
sota         19 

H«U.  P.  M.,  on  typhoid  fever  at  Minneapo- 
lis        48 

Hallock,  conditions  at 136,149 

HAnnaford,  N.  Dak.,  HiU  Creek  water  at, 

analysisof 133 

H«tingi,  conditions  at 107,150 

flnctoations  in  river  level  at. 14 

Mississippi  River  water  at,  analyses  ot      104 

quality  of 103 

lombering  at 41 

population  of 100, 101 

Huen,  .    See  Rinker,  Cappden,  and 

Hazen. 
fiMith,  board  of,  Minnesota,  cooperation  of.  7, 8, 9 
Rgnlations  of.  In  regard    to   typhoid 

fever 30-33 

typhoid  statistics  by 27-29 

health,  department  of,   Minneapolis,  ac- 
knowledgments to 68 

H«rtor,  conditions  at 62,147 

3«»*T8on,  conditions  at 81 

9*ia»pin  Coonty,  pojmlation  of,  in  Minne- 
sota River  basin 69 

population    of,    in    Mississippi    River 

basin 45 

I    H«anepin  Paper  Company,  mill  of 42 

H*V7<L*ke,  use  of,  as  ice  supply 60 

HnnuuL,  conditions  at 136-137,147 

•«llat,logof 137 

H«TO  Lake,  conditions  at 144, 150 

H^'wn  Lake,  location  of 12 

o»  of,  as  ice  supply 142,144 


Page. 

Hibbing,  conditions  at 121,147 

population  of 116 

typhoid  fever  at 30 

underground  water  at,  analyses  of 114 

!         weUat,logof 121 

I  Hill,  H.  W.,  typhoid-fever  notice  suggested 

I  by 32-33 

I  HiU  Creek,  water  of ,  analysis  of 133 

,  Hopkins.    See  West  Minneapolis. 

Houston  County,  population  of 99 

Hubbard  County,  population  of 45 

Hudson,  Wis.,  conditions  at 94 

population  of ." 91, 100 

Hudson  Bay,  area  tributary  to 10 

Hutchinson,  conditions  at 62, 147 

population  of 47 

Hydrography,  discussion  of 10-15 

See  aUo  namet  of  drainage  basins. 

I. 

Ice,   source  of.    See  names  of  lakes  and 

streams. 
Ice  period,  duration  of,  on  principal  rivers 

and  lakes 16 

Ida  Lake,  location  of 12 

Incubation,  period  of.  In  typhoid  fever 33 

Industrial  pollution.    See   Wastes,  indus- 
trial. 
Industrial  wastes.    See  Wastes,  industrial. 
Insects,  transmission  of  typhoid  infection 

by 33 

Iron  ore,  deposits  of 24,25 

shipments  of,  from  Duluth 24 

Iron-ore  districts,  typhoid  fever  in. ..  25,28-29,30 

Irvime,  Lake,  description  of 36 

Isanti  County,  population  of,  in  Mississippi 

River  bas'n 45 

population  of,  in  St.  Croix  River  basin . .  90 
Itasca  County,  population  of,  in  Mississippi 

Riverbasin 45 

population  of,  in  Rainy  River  basin 130 

in  Red  River  basin 127 

Itasca,  Lake,  description  of 36 

location  and  area  of 12 

Itasca  Paper  Company,  mill  of 42 

Itasca  State  Park,  location  of 35 

Ithaca,  N.  Y.,  typhoid  fever  at 27 

J. 

Jackson,  conditions  at 144, 147 

population  of 144 

Jackson   County,   population    of,'  in    Des 

Moines  River  basin 143 

population  of,  in  Minnesota  River  basin.       69 

In  Missouri  River  basin 142 

Janesville,  conditions  at 81, 147 

population  of 71 

Jessie,  N.  Dak.,  pond  water  at,  analysis  of. .      133 
Jordan,  E.  O.,  Russell,  H.  L.,  and  Zeit,  F.  R., 
on  persistence  of  typhoid  bac- 
teria         27 

Jordan,  conditions  at 81 

population  of ^ 72, 100 

"Jordan  "  sandstone,  occurrence  of 20 
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Kabetogama  Lake,  location  and  area  of 12 

Kanabec  County,  population  of 90 

Kanaranzi  Creek,  use  of,  as  ice  supply 142 

Kandiyohi  County,  population  of,  in  Minne- 
sota River  basin 69 

population  of,   in    Mississippi     River 

basin ." 45 

Kasson,  conditions  at 108, 147 

population  of 101 

Kennlcott  Water  Softener  Company,  anal- 
yses by 55, 76, 133 

Kenyon,  conditions  at 108, 147 

population  of 101 

Kettie  River,  description  of 87 

Kingsbury  Creek,  use  of,  as  ice  supply 122 

Kinnlckinnic  River,  use  of,  as  ice  supply 95 

Kittson  County,  population  of 127 

Knife  Falls,  water  power  at 112 

Koronis,  Lake,  use  of,  as  ice  supply 63 

Kossuth  County,  Iowa,  population  of.  In 

Minnesota  River  basin 70 


L. 


Labella,  Lake,  use  of,  as  ice  supply 137 

Lac  qui  Parle  County,  population  of 69 

Lac  qui  Parle  River,  use  of,  as  Ice  supply. . .       82 

I/a  Croix,  Lake,  location  of 12 

La  Crosse,  Wis.,  frost  at 18 

precipitation  at 16, 17, 18 

temperature  at 15, 18 

Lake  Benton,  conditions  at 81-82, 147 

Lake  City,  conditions  at 108, 147 

population  of 100,101 

Lake  County,  population  of.  In  Lake  Supe- 
rior basin 115 

Lake  Crystal ,  conditions  at 82, 147 

population  of 71 

Lakefield,  conditions  at 142, 147 

Lake  Park,  conditions  at 137, 147 

well  at,  log  of 137 

Lake  Superior.    See  Superior,  Lake. 

Lakes,  area  covered  by 11-12 

origin  of 13 

summary  of 1 1-13 

Lanesboro,  conditions  at 108, 147 

population  of 101 

Latoka,  Lake,  use  of,  as  ice  supply 60 

water  in,  analysis  of 52 

Leaf  TTills,  elevation  of 9 

I<(oaf  River,  use  of,  as  ice  supply 64 

lioech  Lake,  drainage  area  of 38 

location  and  area  of 12 

use  of,  as  ice  supply 64 

as  water  supply 64, 149 

water  in,  analyses  of 52,53 

Leech  Lake  reservoir,  statistics  of 38 

Leeds,  N.  Dak.,  pond  water  at,  analysis  of.      133 

Leighton,  M.  O.,  acknowledgments  to 9 

Le  Sueur,  conditions  at 82, 148 

population  of 72 

Lesueur  County,  population  of,  in  Minne- 
sota River  basin 69 

population  of,  in  Mississippi  River  basin.        99 

Lida  Lake,  location  of 12  j 

Lily  Lake,  use  of,  as  icp  supply 95  [ 


Page. 
Lincoln  County,  population  of,  in  Minnemta 

River  basin 68 

population  of,  in  Missouri  River  basin. . .     142 
Lisbon,  N.  Dak.,  Sheyenne  River,  water  at, 

analysis  of 133 

Litchfield,  conditions  at 62.1« 

population  of 47 

Little  Cobb  River,  pollution  of,  by  sewage .      82 

Little  Falls,  conditlona  at 62,1« 

lumbering  at 41 

Mississippi  River  water  at,  analysis  of . .       hh 

papermiUat 42 

population  of 47 

water  power  at 36 

Little  Pine  Lake,  use  of,  as  ice  supply 137 

Little  Sioux  River,  description  of 1* 

Long  Lake,  location  of 12 

pollution  of,  by  sewage 130 

use  of ,  as  ice  supply 110,l« 

as  water  supply 140,119 

water  of ,  analyses  of 141 

qualityof 140 

Long  Prairie,  conditions  at 62, 148 

population  of 47 

Longyear  Lake,  water  of,  analyses  of W^ 

water  of,  quality  of 119, 120 

Loone  Lake,  location  of 12 

'  *  Lower  Oncota. ' '    See  Oneota. 

Lumber,  shipments  of,  from  Duluth 24 

Lumbering,  amount  of,  In  Mississippi  basin.  40-41, 

98 

amount  of,  on  St.  Croix  River 89 

extent  of 23 

pollution  of  streams  by 23, 

34,40-41,68,89,96,113,119,120,126,127,139 

Luveme,  conditions  at 142,148 

Lyon  County,  population  of,  in  Minnesota 

River  basin 69 

M. 

McCarrons  Lake,  use  of,  as  ice  supply 110 

McKinley,  conditions  at 122, 148 

McKusici,  Lake,use  of  ,a8  water  supply .  91 , 96, 149 

water  of,  analyses  of 92-93 

McLeod  County,  population  cf,  in  Minne- 
sota River  basin TO 

population  of,  in  Mississippi  River  basin       45 

Madelia,  conditions  at 82 

population  of 71 

Madison,  conditions  at 82, 1 4^ 

population  of 71 

Magnolia,  N.  Dak.,  pond  water  at,  analysis 

of 133 

Malaria,  virus  of,  transmission  of 26 

Mankato,  Blue  Earth  River  water  at,  an- 
alyses of 77 

commerce  of 24 

conditions  above 70,71 

conditions  at 83 , 1 4S 

fluctuations  in  river  level  at 14 

ice  period  on  river  at 16 

Minnesota  River  water  at,  quality  of. . .        71 
Minnesota  River  water  near,  analyses 

of 74,7.'»,T7 

population  of • 72 

relation  of  turbidity  to  gage  height  at, 

diagram  showing 79 

typhoid  fever  at 72 
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Maple  Lake,  t»e  of ,  &s  ice  supply 136 

Miple  River,  water  of.  analysis  of 133 

Maplrton.  conditions  at 82, 148 

popolation  of 71 

Mapleton,  N.  Dak.,  Maple  River  water  at, 

anal3rsisof 133 

Marrii  River,  pollution  of,  by  sewage 135 

MiTsball,  conditions  at 82,148 

population  of 71 

Redwood  River  water  near,  analyses  of.  74,76 

Marshall  County,  popolation  of 127 

Martin  Coanty,  population  of,  in  Des  Moines 

River  basin 143 

population  of.  in  Minnesota  River  basin.       70 
Mashkenoda  Lake.    Set  Threemile  Lake. 
Mft-kittork,  N.  Dak..  Turtle  River  water  at, 

analysis  of 133 

Jfc<^».  A.  D.,  analyses  by 53,58 

Mfeker  County,  population  of 45 

M?Inj«,  conditions  at 62,149 

population  of 47 

Sauk  River  water  near,  analyses  of 52 

M*H«bi  district,  mining  in 24,25, 116-117 

ores  of,  composition  of 115 

M^sabi  Range,  quality  of  underground  wat- 
ers in 114 

Mrtlioda,  analytical 153-157 

MicTo-organiams.    See  Bacteria. 

Middle  River,  use  of,  as  ice  supply 135 

Milaca,  conditions  at 63,149 

lumbering  at 41 

population  of : 47 

Milb*nk,8.  Dak.,  conditions  at 83 

population  of 71 

Milk,  trancnission  of  typhoid  infection  by.       27 
MiOelacs  County,  population  of,  in  3t.  Croix 

River  basin 90 

popolation  of,  in  Misslsnippi  River  basin       45 

MHlf^lacs,  Lake,  location  and  area  of 12 

water  in,  analyses  of 52,55 

Mifier  Lake,  use  of,  as  ice  supply 95 

MBtcma  1  ake,  location  of 12 

Minii^,  «?lfect  of ,  on  streams 25 

water  problem  in 19,25 

8«al«o  Mesabi  district;  Vermilion  dis- 
trict. 

Miiie  water,  analyses  of 114 

qaaUty  of 25, 1 16, 117 

MinnfapoUs,  conumerce  of 24 

eooditions  above 47 

conditions  at 63,149 

frost  at 18 

b^th  department  of.    See  Health,  de- 
partment of,  Minneapolis. 

lumbering  at 41 

Mia^ssippi  basin  above,  population  of . .        45 
Missisaippi  River  water  at,  quality  of, 

diagram  showing 57 

SGaaiasippi  River  water  near,  analyses 

of 17,49,51,53,55,58 

paper  mill  at 42 

population  of 100 

precipitation  at 17, 18 

<n»aUty  of  Mississippi  River  water  nt, 

diagram  showing 57 

temperature  at 15, 18 

tjphoid  fever  at 30,48~49 

»au?r  power  at 37 


Page. 
Minnehaha  Creek,  pollution  of,  by  sugar- 
factory  waste 42-43 

use  of.  as  ice  supply 64 

water  from,  analyses  of 43 

Minnesota,  conditions  at , 83, 148 

Minnesota.  Lake,  formation  and  area  of 67-68 

Minnesota   River,   annual  fluctuations   in 

level  of 14 

basin  of,  area  of 10. 70, 99 

description  of 65-86 

geology  of 67-68 

lakes  in •..  11,12 

map  of 66 

population  of 69-70 

precipitation  in 18 

quality  of  water  in 72-79 

soils  in 68 

temperature  in 18 

topography  of 67 

typhoid  fever  in 72 

water  in.  analyses  of 74-77, 78 

conditions  on 70-72 

description  of 65-66 

floods  on 14 

ice  period  on 16 

na\igation  on 66 

poUutlon  of,  by  industrial  wastes...  68-439.78 

by  sewage 78,82,84 

profile  of 66 

relation  of  turbidity  to  gage  height  on, 

at  Mankato.  diagram  showing. .       79 

slope  of 66 

source  of,  elevation  of 66 

tributaries  of 66-67 

use  of,  as  Ice  supply 61 ,  81 ,  82, 83, 84, 85. 110 

as  water  supply 81,149 

water  of.  analyses  of . . .  74. 75, 76, 77. 78, 102, 134 

water  power  on 81 

Minnesota  Sugar  Company,  plant  of 42-43 

Mhmesota  University.    See  University  of 
Minnesota. 

Minnetonka,  Lake,  location  and  area  of 12 

use  of,  as  ice  supply 61,110 

water  in,  analysis  of 55 

Minnewaska,  Lake,  location  and  area  of 12 

pollution  of.  by  sewage 81 

use  of ,  as  ice  supply 81 

Misquah  Ilills,  elevation  of 9 

Mississippi  Tliver,  annual  fluctuations  In 

levelof 14 

area  tributary  to 10 

basin  of,  area  of 10, 45,99 

description  of 3,5-<>5. 9ti-lll 

filtration  in 44, 47. 60 

geology  of 38-39,97-98 

lakes  in 11 ,  12 

maps  of 36. 86 

pollution  of,  by  sewage 44-49,99-102 

population  of 45. 99, 100 

precipitation  in 18 

Quality  of  water  in 49-59. 102-106 

sons  in 39.98 

temperature  in 18 

typhoid  fever  In ini-102 

elevation  of,  at  Minnesota  l>oundar>' 10 

floods  on 14-15 

fluctuations  in  level  of,  at  Minneapolis. 

diagram  showing 57 
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Mississippi  RiYer— Continued. 

Ice  period  on 16 

navigation  on 36 

pollntton  of.  by  garbage 110 

by  industrial  wastes 40-44, 98-W 

by  sewage.. . .  62, 63, 64, 103, 107, 109, 110,  111 

profile  of 37 

'     slopeof 3^-37,96,97 

source  of 35 

tributaries  of '...  38,97 

use  of.  as  ice  supply. .  61, 62, 64, 107, 109, 110,  111 
as  water  supply. . .  60,62,63,64,109,111,149 

water  of,  analyses  of 104, 106, 134 

quality  of.  at  Minneapolis,  diagram 

showing 57 

Mississippi  River  Commission,  on  fluctua- 
tions in  Mississippi  River 14 

Missouri  River,  basin  ox,  area  of 11, 142 

basin  of,  description  of 140-143 

population  of 142 

Montevideo,  Cbippewa  River  water  near, 

analyses  of 74,76 

conditions  at 83, 148 

population  of 71 

typhoid  fever  at 72 

Montgomery,  conditions  at 83, 148 

Monticeilo,  conditions  at 63, 148 

Moorhead,  conditions  at 137, 149 

fluctuations  In  river  level  at 14 

frost  at 18 

ice  period  on  river  at 16 

population  of 128 

precipitation  at 17, 18 

•      Red  River  water  near,  analyses  of 131 

temperature  at 15, 18 

Mora,  conditl^^ns  at 94, 148 

Mora,  Lake,  use  of,  as  ice  supply 94 

Morris,  conditions  at 83, 148 

population  of 71 

Morrison  County,  population  of 45 

Morton,  conditions  at 83. 148 

Mosquitoes,  transmission  of  disease  by 26 

Mountain  Lake,  conditions  at 83, 148 

Mower  County,   population   of.   in   Cedar 

Rlverbasin 145 

population    of,    in    Mississippi    River 

basin 99 

Mud  River,  use  ol,  as  ice  supply 50 

use  of,  a£  water  supply 59, 149 

water  of,  analyses  of 50. 51, 53 

Municipal  pollution.    See  Sewage. 

Municipal  water  supplies,  discussion  of..  14(V-153 

Murray   County,    population    of,    in    Des 

Moines  River  basin 143 

population  of.  in  Minnesota  River  basin.       70 

in  Missouri  Rlverbasin 142 

Mustinka  River,  pollution  of,  by  sewage 138 

water  of,  analysis  of 133 

N. 

Namekagon  River,  description  of 87 

Namekan  Lake,  location  ol 12 

Navigation.    See  names  of  streams. 

Nelson  Paper  Company,  mill  of 42 

Nequownon  Lake,  location  of 12 

Net  Lake,  location  and  area  of 12 


New  London,  conditions  at 63 

New  Prague,  conditions  at 83, 1^ 

population  of 72 

New  Richmond,  Wis. ,  conditions  at 94 

population  of 91, 100 

New  Richmond  sandstone,  occurrence  of . . .      20 
New  Ulm,  conditions  at 83-«4,l« 

Minnesota  River  water  near,  analyses 

of 74.75 

population  of 71 

typhoid  fever  at 72 

Nicollet  County,  population  of 70 

Niobrara  formation,  occurrence  of 20, 125 

Nobles  County,  population  of.  in  Des  Moines 

Rlverbasin 143 

population  of,  in  Missouri  River  Itasin. .     142 

Norman  County,  population  of 127 

North  Branch,  conditions  at 95,150 

population  of dl 

North  Dakota,  waters  in.  analyses  of 133 

Northfleld,  conditions  at 1(».  148 

deep  well  at,  log  of 108 

population  of 100, 101 

North  St.  Paul,  conditions  at 108, 14fe 

population  of 100, 101 

Northwest  Paper  Company,  mill  of 113 

Northwestern  Paper  Company,  mill  of C 

Noyes,  W.  A.,  analyses  by 55,133 

O. 

Oats,  amount  of,  produced  in  Minnesota ...       23 

Odor,  s3rmbols  used  in  defining IK 

Okabena,  Lake,  use  of,  as  lee  supply 144 

use  of,  as  water  supply 144 

Olivia,  conditions  at 84 

Olmsted  County,  population  of » 

Oneota  limestone,  occurrence  of 20 

Ordovlcian  rocks,  occurrence  of . . .  19,20,38,67.97 
Ore.    See  Iron  ore. 

OrtonviUe,  conditions  above 70-71 

conditions  at 84, 148 

Minnesota  River  water  near,  analyses 

of 74.76 

population  of 71 

Sulphur  Creek  water  at,  analysis  of 76 

typhoid  fever  at 72 

Osakis,  conditions  at 63, 149 

Lake  Osakis  water  at,  analysis  of 52 

Osakis,  Lake,  location  of 12 

use  of,  as  ice  supply © 

as  water  supply 63, 149 

water  In,  analysis  of 52 

Ottawa,  conditions  at 84,  ISO 

Otter  Creek,  use  of,  as  ice  supply 121 

Ottertail  County,  population  of,  in  Minne- 
sota River  basin 70 

population    of,    In    Mississippi    River 

basin 45 

in  Red  River  basin 127 

Ottertail  Lak^,  location  and  area  of 12 

Ottertail  River,  basin  of,  area  of 127 

description  of 123-124 

pollution  of,  by  sewage 129, 135, 136 

use  of,  as  ice  supply 135, 136. 137, 138 

as  water  supply 136, 136, 138, 149 

water  of,  analyses  of 131,133 

quality  of 133 
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Owaionna,  conditions  at 108-1(»,  148 

populAtion  of 100, 101 

Stniglit  River  water  near,  analyses  of .      104 

P. 

fmcMng  houses,  pollution  of  streams  by 43, 99 

Ptper  milis,  pollution  of  streams  by.  34, 40, 42, 113 
Park  Rapids,  conditions  at 63,149 

hnnberingat 41 

popolatlon  of 47 

PaynesviUe,  conditions  at 63,148 

Pelican  Lake,  location  and  area  of. 12 

Pelican  Rapids,  conditions  at 137,  ISO 

population  of 128 

Pelican  River,  use  of,  as  ice  supply 137 

Pembina,  N.  Dak.,  Pembina  River  water  at, 

analysis  of 133 

Pembina  River,  water  of,  analysis  of 133 

Penobscot  Creek,  pollution  of,  by  sewage ...      121 
Pepin,  Lake,  dimensions  of 96 

location  and  area  of 1 1 ,  12 

poUntion  of,  by  sewage lOQ-lOl,  108 

use  of,  as  ice  supply 83,108 

as  water  supply 106,147 

Perbam,  conditions  at 137,148 

population  of 128 

Phalen,  Lake,  use  of,  as  ice  supply 110 

use  of,  as  water  supply 110 

Pierce  County,  Wis.,  population  of,  in  St. 

Croix  River  basin 90 

Pierre  formation,  occurrence  of 20, 125 

Pigeon  River  Indian  Reservation,  popuia- 

tionof 116 

Pike  Bay,  description  of 36 

pollution  of,  by  sewage 61 

Pine  City,  conditions  at 95,  ISO 

Pine  County,  population  of,  in  St.  Croix 

River  basin 90 

Pine  Lake,  location  of 12 

Pine  River,  drainage  area  of 38 

Pine  River  reservoir,  statistics  of . : 38 

Pipestone,  conditions  at 142-143,148 

Pipestone  County,  population  of,  in  Minne- 
sota River  basin 70 

population  of,  in  Missouri  River  basin. .      142 

Pipestone  Creek,  use  of,  as  ice  supply 143 

PUlnview,  conditions  at 109,148 

population  of 101 

Platte  River,  use  of,  as  ice  supply 64 

water  of,  analysis  of 55 

Fleaaant  Lake,  use  of,  as  water  supply .  110 

Pleistocene  deposits,  occurrence  of 20, 67, 125 

PljTOouth,  Pa.,  typhoid  fever  at 27 

Pokegama  Lake,  location  and  area  of 12 

Pokegama  reservoir,  statistics  of 38 

Folk  County,  population  of. 127 

Polk  County,  Wis.,  population  of,  in  St. 

Croix  River  basin. 90 

Pollution,  industrial.    Set  Wastes,  indus- 
trial. 

municipal.    See  Sewage. 
Pomme  de  Terre  River,  pollution  of,  by  sew- 
age        83 

use  of,  as  ice  supply 80,83 

as  water  supply 80, 147 

water  of ,  analyses  ot 76 


Page 
Pope  County,  population  of,  in  MinnMota 

River  basin 70 

population    of,    in    Mississippi    River 

basin 45 

Population,  density  of 22, 

45-46,  70,  90,  91,  99,  100, 101,  116, 117, 
127,  128,   129,  139,   142,  143,  144,  145 

increase  of,  1860-1905 22 

1890-1905 25, 

45,47,69-70,90,91,99,100,  101,  115, 
116,  127,  128,  139,  142,  143,  144,145 

sUtlsticsof 22, 

25,  45-46,  47,  69-70,  90,  91,  99,100, 
115, 116, 127,  128, 139, 142, 143, 144, 145 
SeeaUo  names  of  counties  and  jtrincipal 
towns. 
Potatoes,  amount  of,  produced  in  Minnesota       23 

"Potsdam*'  sandstone,  occurrence  of 19 

Precipitation,    statistics    of,    at    Weather 

Bureau  stations 16-17 

Prescott,  Wis.,  conditions  at 95 

population  of 91, 100 

St.  Croix  River  water  near,  analyses  of. .  92-93 

Preston,  conditions  at 109, 148 

population  of 101 

Princeton,  conditions  at 64, 148 

population  of 47 

Prior  Lake,  Prior  Lake  water  at,  analysis  of       76 

Proctor.    See  Proctorknott. 

Proctorknott,  conditions  at 122, 160 

R. 

Rainfall.    5««  Precipitation. 

Rainy  Lake,  location  of 12 

Rainy  River,  basin  of,  area  of 11, 138, 139 

basin  of,  description  of 138-140 

lakes  in 11,12 

I)opulation  of 139 

quality  of  water  in. 140,141 

tributaries  of 138 

Ralph,  brook  water  at,  analysis  of 133 

Ramsey,  Camp,  tjrphoid  fever  at 30 

Ramsey  County,  population  of,  in  Missis- 
sippi River  basin 45,99 

Rebecca,  Lake,  use  of,  as  ice  supply 61, 107 

Red  Lake,  description  of 124 

Red  Lake  County,  population  of 127 

Red  Lake  Falls,  conditions  at 137, 160 

Red  Lake  Indian  Reservation,  population  of     127 
Red  Lake  River,  annual  fluctuations  in  level 

of 14 

basin  of,  area  of . , 127 

description  of 124 

navigation  on 123, 124 

pollution  of,  by  sewage 129, 135 

use  of,  as  ice  supply 135-136, 137 

as  water  supply 135, 136, 149 

water  of,  analyses  of 131, 133 

quality  of 132,134 

Red  Lakes,  location  and  area  of 12 

Red  River,  annual  fluctuations  in  level  of. . .       14 

basin  of,  area  of 11, 127 

character  of 14 

description  of 122-138 

geology  of 124-125 

in 12 


168 


IKBEX. 


Red  1 1  \  ftf'T  -4. '  fvti  1 1  tiijiid, 

haAin  i>F,  map  <ti,*t»f*t,tM*Mf*tt«-'-'^^*      ^ 

iH}|Hii«itiuti  of „ . .  .^ i3r j%  itt 

prnc^itlnllim  Iti . , ,  ^, , .  •« « *.....*,  ^ .  I7i  tS 

MsilR   hi,.... ..._.». •41. ««   tSt-IM 

itTivJi)  [wlliiliciiilft.^.,.,,,...^.......  ISMkin 

^^ft   U>p(>St^ P>> !^  ^»'*  <  - -^-* *       KM 

^^"    <|p«tirtt>tl(]tj  <if,  ■...,,.« p..,,.... tn 

r  rJ«  va  I  in  Q  nf ,  At  Blinn«fl0t  A  bciun(l«iy-  ^  ^  ^       10 

^^^    lUIVigfttlOU  OIL..... iH 

^^^  pcillullofi  oft  by  aewngC!  *,.,....,,*  t29,  jaOii  137 

m  »loi»of.  =  ..  — ..*.,,*.♦      IM 

r  irltmUrIca  of ..,.., .,.  133*124 

I  ij  w  of,  lu  ice  supply. -  135- Mil.  1^7 

I  AM  Wiitrrnupitly.,,. l30,iaTJ#ft 

f  i;^iit«rur.iitmlysc«  oft.. ••>.«.*..*.  111^1^, m 

r  (itJAlUy  «f . . , ...., 132 

crcAilou  of,*,....... . .. .,..         Iyl 

r£(-fJ  Wi«K-  tHirifUlUtnJt  ttU. , IM.  140 

Wur-tlijationn  id  TWwtr  ItvvtU  jil H 

ict^  pn.T ifHl  OH  rh'*r  nt . , » , , » Irt 

Jutt]tHiring  Mt .^..i^,  ...*»*«., ^H  E..        41 

Mij^i^lii«tppi  ft j vor  w(il«rf»|, qimltly  «f  - .        ItK* 
MlBslHi  [)pl  K  iTi^r  w«ter  D«i  r.  it^iutly  sen  n  r     KH 

IKJinititiofiiif,,..,* JIWJDI 

K«J  wotK]  Cfttitity ,  pO|rtr Lii  tfcon  t*f- ,  • ,  ,^ , ,-- ,  *       TO 

Jlc4w^ood  FiOISh <>oiiiimonft  at H14K 

fK>]iuliiliou  «( ...,._,,..,..,...,.,,,.,. .       71 

PU?dwtxHi  HlvcT  Wivtor  nB*r,  anaJjses  of .  71,76 

Ewlwood  River,  pollute nti  of,  by  HtiWAge,. . ,  ffi!,K4 

lis**  of.  AS  iefi  tfupply. a?,S4 

AJt  wutpr  ati[)ply. !e,S4,HS 

wfllflt  of,  noaly Bt*fl  of. . . . . 74^75,7if 

Ri.^K  Litndlnf^p  Jluctiiftdons  in  r1v?rlnj'ffT»l  At.        14 

Refoniifltory,  8uti?.  mnditiotis  at* . , , . . B4 

Ric-Ddfriug  wrorka,  poUptJon  of  itrcaius  bj.,  31,flfl 

Hf?nvmHp  condlllont  at.. 84, 148 
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U»  water  supply...-....,.  30,41,47,48 

Ripley,  Laktv  <J*w^  of,  hs  ice  supply. fi3 

River  Falls,  Wis.,  conditfona  m. „ ,       J»5 

population  of ,.,....,....,  1>l,10O 

Roin.*rt9  €o«nty,  S,  Dak.,  poptiktion  of.  In 

MimiMOU  Riwr  hHidu 70 

Efithfster,  B*»r  Creek  niwier  &t,  unuly  sm  ol ,      KM 

ctmdlttonaa^t,, 100,14S 

popultttici  a  of. ...*,,      101 

Btnt^t  boapiml    At,   wwrt^p^piirifliJfltlnli 

plnnidi...,,,.. -        14 

iSumbpo  Ri^fr  WftlPf  Poaf f  ntinlysea  of . .      104 
itoc^  DouDiy ,  fx^puiaUtm  of . .      143 


Boell  HlV(?r,  dmcrtpf ton  of. , . 

iHiliHtton  of.  by  ^iwiycv, , 

V^m  nU  >^  1<^^  >*itppiy«  -  - - « 

Umyt  iHvnt,  iJpftcdptlofi  ol.  •«  •«  ^ . « . .  .^ . 

tMitlutioi)  ot  by  gnrb«^^ 

ijiMp  of,  nA  Jw  rttippiy.. ,    , . . .  ,.*^ 

B<»^ii  CtfUatyt  population  of.  In   1 
Rlvnr  imjiiij - . . ,  J 

pCiptllAttOD  of,  in  Rr<4  HlVVfT  bttfliB, 

Rof ftHtm,  coutJitioii*  at.  ,,,.*.».,,.,,* 

Tlnetf^  KiTf^r  wiit!*<(ratt  BfutJyvfsof. 
Ham  HI  vf^r,  r|rttlt}«ffn  mnm  of ........ . 

poliiitton  of,  by^i*ini^.,„„ 

iim  of.  Afi  i(w  mippiy , 

Oil  waU»r  aupfay.. 

Wittier  of,  aiiiiiy»»  of,  „.».,.,.  ^...,  , 

Rtiah  City.  rorullHoMn  iil , . . ... 

fltuh  Civt^le,  p<i|lijtton  of*  by  drwaffp  - 

Ru^b  Lake,  Uw*  of.  a«  icc  fiipply 

ttimbfortt,  wnidltiouji  at ....  * 

popwbit^oii  nf .,.,.♦.,., 

BuhmU,  !I.  I^    Stt  JortAMUt  M.  <X,  B« 
n,  L.H  and  ZviU  F.  R, 


SaipiniMfu  T4ik«-.  It^CHLlqn  ol. . ........... 

St,  ( -hitrii'*,  ('pii4HJi>«»  at. ..,,,.,....,  . 

jiopulAtloti  of,  ^^ ^>.„,^.^.^.... 

St.  rii^udt  cdn^itions  iibote  •.«.....*. p.. 

cnnditiona  Ht. . ........... . ..  ^^ 

orystntlipo  roclcs  nt ........ , .... 

MiAKiAfitppI  lliVL^r  bftsin   ttboT«^  pop 

tJon  of......... ._ 

MIscilssippf  Riv^t  wot^r  Dear,  aooJ 

of,.. -_...,....,  3 

population  of , 

typhoid fewr  at 

water  powor  &t,  .*.**,.,.....,.... .. 

SL  Croix  County ,  Wiji.*  population:  <t(,  ui 

Crrfl*  bikalu.. _..„.,. .. 

8t.  Crtiljt,  l^ke,  location  oL,„, 

poilutfon  ofJjyw?wa^ ,,, 

u  w  f*f ,  ft.'t  loe  supply . ..... 

8t-  Croix  Ilivor,  bi^tn  of,  arsa  of ,  ,.... 
ha.flln  of,  dftwrlplJon  of. ,  ..,..„ 

Uoology  oL., „...,.,„,.. 

lakoin..,.,.. 

map  of. -..-.,-*-. 

Txipuiatloti  of. . , ,.,..,.. 

pi>x;ipil«llon  In ....,_,*... 

quality  of  wa tor  In **,..,.. 

sfids  in ,,..*.. 

atni'^n  poUutloBlo,.. -^^ 

tempeT*t«rc  In. .., 

dosi-riptlon  of . .  ......,* _..„.... 

luiniipnng  on,. ..  ,.*.,.._ ...-.* 

u&vigatioD  on ,.,-*..* 

rK>lU]tbn  ot  by  industrial  ««im». 

l>y  sewage... ,,. ...,,... 

profllr*  of.. 

sto^ke  of..*..^..., .-,.„...#. 

tributsiries  of. ,..„,.... ._.-_.„^ 

ij!*e  oi,  OS  ioe  aupply.....^,.^^^,...., 
water  of,  anaiysf^  of . ._.,., »^_...  11 

fiuality  of...... ...,,,.,,...,.... 

See  ai*a  St.  CtoIkj  LaJc^. 
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P««e.    I 

"St.  Ciolx "  sandstone,  oocurrenoe  oL 97 

St'  HlWre,  conditions  at 137-150 

St.  James,  conditions  at 84,148  I 

popolationof 71  | 

St.  James  Creek,  poUation  of,  by  sewage.. .       84  { 

St.  James  Lake,  use  of,  as  ice  supply 84  ' 

**8t.  Lawrence  formation,"  occurrence  of .. .       19 

St.  Lawrence  River,  area  tributary  to 10  { 

St.  Louis  County,  population  of,  in  Rainy  * 

Riverbaain 139  ' 

population  of,  in  St.  Louis  River  basin.      116  I 

St  Louis  Park,  conditions  at 64,150  | 

sugar  factory  at 42-43  ' 

St  Louis  River,  l>a8ln  of ,  area  of 11,116  I 

barin  of,  description  of 111-122  ! 

geology  oL 112-113 

ironminingin 24 

map  of 112  j 

population  of 115,116  ' 

quaUty  of  water  in. 117-120 

stream  poUution  in 113-117,121,122 

descripUonof 111-112 

eJerationof.  at  mouth 10 

poUuUon  of,  by  industrial  wastes 113 

by  sewage 117, 121 

slope  of 111-112 

tribuUriesof 112 

water  of,  analyses  of 118 

quaUtyof 119-120 

St  Marys  Lake,  use  of,  as  ice  supply 121, 122 

use  of,  as  water  supply 121, 149 

water  of,  analyses  of 118 

quaUtyof 119,120 

St  Fault  commerce  of 24 

conditions  at 110, 149 

fluctuations  in  river  level  at 14 

frost  at 18 

ice  period  on  river  at. ^ 16 

population  of 100, 101 

precipitation  at 17,18 

temperature  at 15, 18 

St  Peter,  conditions  at 84,148 

population  of *      72 

St  Pfeter  sandstone,  occurrence  of 20, 97-98 

>t  \lnoent,  Red  River  water  at,  analysis  of.      133 

^iJcata,  Lake,  use  of,  as  ice  s  pply 110 

Samples,  method  of  collecting 8, 155-156 

Svnpltng  stations,  location  of 7 

location  of,  map  showing 7 

^aod  Creek,  use  of,  as  ice  supply 81 

.^^aod  Lake,  use  of,  as  ice  supply 86 

^nod  Hill  River,  use  of,  as  ice  supply 136 

water  of,  analysis  of 131 

^^•ndstone,  conditions  at 95, 148 

population  of 91 

^dy  Lake,  location  and  area  of 12 

■*4ndy  Lake  reservoir,  statistics  of 38 

^k  Center,  conditions  at 64, 149 

population  of 47 

Sauk  River  water  near,  analyses  of. 52, 55 

^^uk  Rapids,  conditions  at 64, 150 

fluctuations  in  river  level  near 14, 49 

lumbering  at 41 

Kississippi  River  water  near,  analyses 

of 50,51,52 

paper  mill  above 42 

population  of 47 


Page. 
Sauk  River,  drainage  area  of 38 

poUution  of,  by  sewage 64 

use  of,  as  ice  supply 62,64 

as  water  supply • 62,64, 149 

water  of,  analyses  of. 52,55 

Sawmills.    See  Lumbering. 

Sawyer  County,  Wis.,  population  of,  in  St. 

Croix  River  basin 90 

Scanlon,  conditions  at 122, 150 

St.  Louis  River  water  at,  analyses  of. . .      118 
Schoolcraft  River,  Mississippi  River  water 

near,  analyses  of 50,51,52,53 

Scott  County,  population  of.  in  Minnesota 

River  badn : 70 

Seasons,  influence  of,  on  quality  of  water. . .      56, 

58-59,78,93,120 
Sedimentation,  effect  of,  on  quality  of  water  93,94 

Sevenmile  Lake,  use  of,  as  ice  supply 144 

Sewage,  disposal  of,  law  restricting. 33 

purification  of,  plants  for 34,60-^1,81, 109 

See  also   Stream   pollution;  names  of 
lakes  and  streams. 

Shady  Oak  Lake,  use  of,  as  Ice  supply 65 

Shakopee,  conditions  at 85, 150 

popula tion  of 72, 100 

Shakopee  limestone,  occurrence  of 20 

Shell  Rock  River,  use  of,  as  ice  supply 1 46 

Sherburne,  conditions  at .". .  85, 148 

Temperance  Lake  water  at,  analysis  of..       76 

Sherburne  County,  population  of 45 

Sheyenne  River,  water  of,  analyses  of 133 

Sibley  County,  population  of,  in  Minnesota 

River  basin. 70 

Sidener,  C.  F.,  analyses  by 55,76 

Sigel,  Lake,  use  of,  as  ice  supply 85 

Silver  Lake,  use  of,  as  Ice  supply 122 

use  of,  as  water  supply 122, 149 

water  of,  analyses  ot 118 

quaUty  of 119, 120 

Slaughterhouses,  pollution  of  streams  by  34,43,99 

Slayton,  conditions  at 144, 148 

Sleepy  Eye,  conditions  at 85, 148 

population  of 71 

Sleepy  Eye  Lake,  use  of,  as  Ice  supply 85 

Snake  River,  location  and  drainage  area  of . .       87 

use  of,  as  ice  supply 95, 138 

Snelllng,  Fort,  conditions  at 61 ,  147 

establishment  of 21-22 

Minnesota  River  water  at,  analyses  of. . .       77 

typhoid  fever  at 30 

Snowbank  Lake,  location  of „      12 

SnowfaU.    See  Precipitation. 

Snyder,  H.,  analyses  by 39,68,88,126 

Soap  works,  pollution  of  streams  by 34 

Soils,  analyses  of. 39,68,88,126 

discussion  of 18,19,21,39 

See  also  names  of  drainage  basins. 

Soudan,  conditions  at 140, 150 

South  St.  Paul,  conditions  at 110, 148 

population  of 100, 101 

South  Stillwater,  conditions  at 95, 148 

population  of 91,100 

Sparta,  conditions  at 122, 149 

Ely  Lake  water  at,  analyses  of 118 

Spirit  Lake,  use  of,  as  Ice  supply 121 

Springfield,  conditions  at 85, 149 

population  of , . . , 71 
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Spring  Valley,  conditions  at 110,140 

population  of 101 

Spring  Valley  Creek,  pollution  of,  by  sewage      110 

Staples,  conditions  At 64, 150 

population  of 47 

Starch,  method  of  making 9ShW 

Stand)  factories,  pollution  of  streams  by     34, 

40,43,89 

State  ditch ,  Ada,  use  of,  as  water  supply 147 

water  of,  analysis  of 131 

Steams  County,  population  of. 45 

Steele  County,  population  of,  in  Minnesota 

River  basin 70 

population    of,    in    Mississippi    River 

basin. 99 

Stevens  County,  population  of,  in  Minnesota 

River  basin 70 

population  of,  in  Red  River  basin 127 

Stewartville,  conditions  at 110, 149 

Stillwater.  Browns  Creek  water  at,  analyses 

of 92-fl3 

conditions  at 95-96, 149 

density    of   population    In    St.    Croix 

basin  above 90,91 

Lake  McKusIck  water  at,  analyses  ot . . .  92-93 

lumbering  at 90 

population  of 91, 100 

St.  Croix  River  water  near,  analyses  of.  92-93 

tjrphold  fever  at .^. 91 

Stockwood,  Buffalo  River  water  at,  analysis 

of 133 

Stockyards,  pollution  of  streams  by 99 

Straight  River,  pollution  of,  by  sewage 109 

use  of,  as  ice  supply 107, 108-109 

water  of,  analyses  of 104 

quality  of 106 

Stream  pollution,  discussion  of 13, 

21,22,23,25,33-35 
See  also  names  of  drainage  basins  and 
streams. 

Streams,  summary  of 10-11 

Subsoils.    See  Soils. 

Sugar  factory,  pollution  of  streams  by . .  40, 42-43 

Sulphur  Creek,  water  of,  analysis  of 76 

Sunflsh  Lake,  use  of,  as  loe  supply Ill 

Superior;  Lake,  basin  of,  area  of 11, 116 

basin  of,  Iron  mining  In 24-25 

lakes  in 12 

poUution  In 113-117, 121, 122 

population  of '. 115, 116 

precipitation  In 17, 18 

temperature  of 16, 18 

pollution  of,  by  sewage 121 

use  of,  as  Ice  supply 121, 122 

as  water  supply 121, 122, 149 

See  also  St.  Louis  River,  basin  of. 

Swamp  areas,  drainage  of 13, 14 

Swan  Lake,  location  and  area  of 12 

Swift  County,  population  of 70 

T. 

Tanneries,  pollution  of  streams  by 34, 

40,43,98,113,126 

Taylors  Falls,  conditions  at 96, 150 

St.  Croix  River  water  near,  analyses  of.  92-93 
Temperance  Lake,  water  of,  analysis  of 76 


pm«. 

Temperature,  statistics  of,  at  Weather  Bu- 
reau stations 15-16 

Ten  Strike,  liraibering  at 41 

Tetonka,  Lake,  supposed  poisonous  alge  In.      106 
Thaxter  Lake,  Wisconsin,  use  of,  as  loe 

supply 9t 

Thief  Lake,  location  of 12 

Thief  River  Falls,  conditions  at 137, 150 

Thomas,  R.  D.,  acknowledgments  to 5^ 

Thompson  Lake,  use  of,  as  loe  supply Ill 

Thorp,  F.  H.,  on  method  of  making  starch.  89-90 

Threemlle  Lake,  pollution  of,  by  sewage US 

Todd  County,  population  of 45 

Tongue  River,  water  of,  analysis  of 133 

Topography,  discussion  of 9-10 

See  cUso  names  of  drainage  basins. 
Tower,  conditions  at 140, 149 

Tower  Bay  water  at,  analyses  of HI 

Vermilion  Lake  water  at,  analyses  of. . .      141 

Tower  Bay,  water  of,  analyses  of 141 

Tracy,  conditions  at 85, 1« 

population  of Tl 

Traverse  County,  population  of.  In  Mlnne^ 

sota  River  basin 70 

population  of,  in  Red  River  basin 127 

Traverse,  Lake,  description  of 134 

location  and  area  of .  .• 12 

use  of,  as  loe  supply 80 

water  of,  analyses  of 131 

quaUty  of 132 

•*  Trenton-Galena  "  limestone,  occurrence  of      20 

Trout  Lake,  location  and  area  of 12 

Turbidity,  relation  of,  to  gage  height  of 

Minnesota  River  at  Mankato.. .  78-79 

Turtle  River,  lumbering  at 41 

Turtle  River,  water  of,  analysis  of 133 

Twin  Lakes,  use  of,  as  Ice  supply f^ 

Two  Harbors,  conditions  at 122. 14« 

Two  Rivers,  use  of,  as  loe  supply 136 

use  of,  as  water  supply 136,149 

Typhoid  fever,  death  rate  from 38, 29, 48, 49 

Incubation  period  of 33 

occurrence  of 25,26. 

27-33, 44, 48-49, 59, 72, 91, 101-102.  ll« 

regulations  of  Minnesota  board  of  health 

concerning 30-33 

transmission  of,  by  Insects 33 

bymUk i7 

by  water 26-27 

U. 

Union  Creek,  use  of,  as  Ice  supply M 

University  of  Minnesota,  agricultural  exper- 
iment station  of,  analyses  by..      39. 
68,88,135 

cooperation  of 7 

"  Upper  Oneota."    See  Shakopee. 

V. 

Vadnals,  Lake,  use  of,  as  water  supply 110 

Valley  City,  N.  Dak.,  Sheyenne  River  water 

at,  analysis  of 133 

Vermilion  Creek,  use  of,  as  loe  supply Vf* 

Vermilion  district.  Iron  mining  In 25 

Vermilion  Lake,  location  and  area  of 13 

water  of,  analyses  of 141 
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VenniUon  River,  deaciiption  of 138 

VliginUke.    5«e  St.  Marys  Lake. 

Vlipnit,  eonditlons  at 122, 149 

population  of 116 

ffitrer  Lake  water  at,  analyses  of 118 

typbokl  fever  at 30 

ViigiDia  Lake  water  at,  anaijrses  of. 118 

Virginia  Lake,  water  of ,  analyses  of 118 

waterof,qiiaUt7of 119,120 

Vohmtcers,  U.    S.    Fifteenth    Minnesota, 

typhoid  fever  among sfi 


Wabasha,  conditions  at 110, 150 

ICisaissippi  River  water  at,  quality  of. . .      103 

MissisBippi  River  water  near,  analyses 

of 104 

population  of 101 

Wabasha  County,  population  of 99 

Waconia,  conditions  at 85, 150 

Waconia  Lake,  use  of ,  as  ioe  supply 63 

See  also  Clearwater  Lake. 
Wadena,  conditions  at 64, 149 

population  of 47  j 

Wadoia  County,  population  of 45  ' 

Wahpeton,  N.  Dak.,  conditions  at 138  I 

Ottertail  River  water  at,  analyses  of . . .      133  I 

population  of 128  j 

typhoid  fever  at 29 

Walker,  conditions  at 64,149  I 

Leech  Lake  water  at,  analyses  of 52, 53 

War  Department,  construction  of  storage  , 

reservoirs  by 37  | 

Warwn,  conditions  at 138, 149 

Wanen  River,  location  of 67 

Waaeca,  conditions  at 85, 149 

population  of 71 

Waaeca  County,  population  of,  in  Minnesota 
River  basin 

population  of,  in  Mississippi  River  basin 
Waabbum  County,  Wis.,  population  of,  In 

St.  Croix  River  basin 

Washington  County,  population  of,  in  Miss- 
issippi River  basin 

population  of,  in  St.  Croix  River  basin. . 
Wastes,  human.    See  Sewage. 

industrial,  pollution  of  streams  by 23, 34- 

35,  40-44,  68-69,  78,89-90, 

98-99, 113-115, 126-127,139 

Watab  Pulp  and  Paper  Company,  mill  of . .       42 

Watcrvillc,  conditions  at 110,149 

population  of 100, 101 

Waterworks,  development  of 150-151 

Watonwan  County,  population  of 70 

Watonwan  River,  pollution  of,  by  sewage. . .       82 
Wealth  wood.  Lake  Mlllelacs  water  at,  analy- 
sis of 52 

Weather  Bureau,  U.  S.,  on  fluctuations  in 

river  levels 14 

stations  of 15 

Btatistics  by,  on  climate 15-18 

V^  conditions  at 85,149 

population  of 71 

^fO»,  summary  of 147-149 

Wesbrook,  F.  F.,  work  of 8 

Wen  Battle  Lake,  location  of 12 

Wertbrook.  conditions  at. 85 

^^Mt  Concord,  conditions  at 110 


70 
99 


90 


90 
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West  Minneapolis,  conditions  at. 64, 149 

West  St.  Paul,  conditions  at 111,150 

population  of 100, 101 

Wheat,  amount  of,  produced  In  Minnesota . .       23 
Wheaton,  conditions  at 138, 149 

Mustlnka  River  water  at,  analysis  of 133 

population  of 128 

Whetstone  River,  use  of,  as  ioe  supply 83 

White  Bear  Lake,  conditions  at 65, 149 

population  of 47 

White  Bear  Lake,  location  of 12 

use  of,  as  Ide  supply 110 

White  Earth  Indian  Reservation,  popula- 
tion of 127 

Whiteface  River,  description  of. 112 

White  Fish  Lake,  location  and  area  of 12 

Widal  test,  use  of,  in  diagnosis 28 

Wild  Rloe,  N.  Dak..  Wild  Rice  River  water 

at,  analysis  of 133 

Wild  Rloe  River,  water  of,  analysis  of 133 

Wnimar,  conditions  at 85,149 

population  of 71 

Willow  River,  pollution  of,  by  sewage 94 

use  of,  as  ice  supply 94 

Wlnchell,  N.  II.,  on  Minnesota  soils 21 

Wlndom,  conditions  at 144,  Itf 

population  of 144 

Winnebago,  conditions  at 85-86, 149 

population  of 71 

Winnebago  County,  Iowa,  population  of,  In 

Minnesota  River  basin. 70 

Winniblgoshlsh,  Lake,  dimensions  of 36 

location  and  area  of 12 

Winniblgoshlsh  reservoir,  statistics  of 38 

Winnipeg,  Buffalo  River  waier  at,  analysis 

of 133 

Winona,  commerce  of 24 

conditions  at 111,149 

fluctuations  in  river  level  at 14,15 

population  of 101 

Winona  County,  population  of 99 

Winona,  Lake,  use  of.  as  ice  supply HI 

WInthrop,  conditions  at 86, 149 

Wisconsin,  Industrial  wastes  from,  In  St. 

Croix  River  basin 89 

Wolf  Lake,  use  of,  as  Ice  supply 95 

Woolen  mills,  pollution  of  streams  by 34, 

40,68,98,113,126 
Worthlngton,  conditions  at 144, 149 

population  of 144 

Wright  County,  population  of 45 

Y. 

Yellow  Medicine  County,  population  of 70 

Yellow  Medicine  River,  use  of,  as  Ice  supply.  83 

Yellow  fever,  virus  of,  transmission  of 26 

Yellow  River,  location  and  drainage  area  of.  87 

Z. 

Zelt,   F.   R.    See  Jordan,  K.   (>.,  Russell, 
H.  L.,andZeit,  F.  R. 

Zumbro  River,  description  of. 97 

pollution  of,  by  sewage 109 

use  of,  as  Ice  supply 107, 108, 11 1 

water  of,  analyses  of 104 

quality  of 10.*> 

Ziimbrota,  conditions  at Ill, H9 

population  of 101 
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CLA881FirATI0N  OF  THE  PrBLICATlONS  OF  THE  UNITED  STATES  (iEOLOfllCAL 

SURVEY. 

[\Vttt«?r-Supply  I>ap«r  No.  193.] 

The  publications  of  the  Uniteil  States  Geological  Survey  consist  of  (I)  Annual 
Reports,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (6)  Mineral 
Beeoorces,  (6)  Water-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of  United 
States— folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  United  States — 
folios  thereof.  The  classes  numbere<l  2,  7,  and  8  are  sold  at  cost  of  ]niblication;  the 
others  are  distributed  free.    A  circular  giving  complete  lists  can  l)e  had  on  application. 

Most  of  the  above  publications  can  be  obtained  or  consulted  in  the  following  way(«: 

1.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
can  be  obtained,  free  of  charge  (except  classes  2,  7,  and  8) ,  on  application. 

2.  A  certain  nmnber  are  delivered  to  Senators  and  Representatives  in  Congress, 
for  distribution. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  can  be  had  at  prices  slightly  above  cost. 
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POLLUTION  OF  ILLINOIS  AND  MISSISSIPPI  RIVERS 
BY  CHICAGO  SEWAGE. 


By  M.  O.  Leiqhton. 


INTRODUCTION. 
OBJECT  OF  THE  PAPER. 

The  testimony  taken  in  the  suit  of  the  State  of  Missouri  against 
the  State  of  Illinois  and  the  sanitary  district  of  Chicago  comprises 
the  best  symposium  on  river  pollution,  its  biological  and  chemical 
aspects,  and  its  general  and  special  sanitary  significance  that  has  ever 
been  assembled.  The  contentions  of  both  parties  to  the  suit  are 
supported  by  the  most  eminently  qualified  men  in  the  United  States. 
The  evidence  presented  and  the  discussions  recorded  are  therefore  of 
unique  importance.  The  final  record  of  testimony  occupies  8,000 
printed  pages,  much  of  which  is  irrelevant.  This  digest  of  testimony 
is  the  result  of  an  attempt  to  recover  the  valuable  material  and  pre- 
sent it  in  concise  form.  A  consistent  endeavor  has  been  made  by 
the  reviewer  to  eliminate  all  personal  opinions  with  reference  to  the 
issue  and  to  make  an  impartial  presentation  of  so  much  of  the  testi- 
mony as  in  his  opinion  appears  to  be  relevant  and  of  scientific 
importance.  It  will  be  well  to  remember  in  this  connection  that  any 
digest  of  so  large  a  voliune  of  testimony  miist  be  the  result  of  a  final 
exercise  of  personal  opinion  by  the  reviewer  as  to  those  parts  which 
may  best  be  excluded.  Naturally  opinions  will  differ  on  this  point; 
therefore  it  will  be  strange  if  many  of  those  familiar  with  the  case  do 
not  find  that  certain  portions  of  testimony  which  they  consider  most 
important  are  passed  over  in  this  digest  without  reference.  Contro- 
versies between  counsel,  objections  to  the  admission  of  testimony, 
legal  technicalities  and  quibbles,  badgering  cross-examination,  and  in 
general  all  the  testimony  introduced  for  purposes  of  mere  corrobora- 
tion have  been  disregarded.  The  object  has  been  to  present  a  faithful 
statement  of  the  scientific  phases  of  the  testimony  to  the  exclusion, 
if  need  be,  of  the  legal  aspect  of  the  case. 

Many  of  the  averages  contained  in  the  tables  of  the  official  record 
appear  to  be  incorrect.     It  does  not  appear  whether  this  is  due  to 
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typographical  errors  or  to  mistakes  by  the  original  computers.  Such 
tables  as  are  reproduced  in  this  digest  are  copied  from  the  record 
without  correction. 

STATEMENTS  OF  PARTIES  TO  THE  SUIT. 

This  is  a  proceeding  in  equity  instituted  by  the  State  of  Missouri 
on  January  17,  1900,  against  the  Stale  of  Illinois  and  the  sanitary 
district  of  Chicago,  praying  for  an  injunction  against  the  defendants 
from  draining  into  Mississippi  River  the  sewage  and  drainage  of  said 
sanitary  district  by  way  of  the  Chicago  drainage  canal  and  the 
channels  of  Desplaines  and  Illinois  rivers. 

BILL   OF   COMPLAINT. 

The  bill  of  complaint  alleges  in  substance  as  follows: 

That  the  complainant  is  a  State  lying  on  the  west  bank  of  Missis- 
sippi River  with  a  frontage  thereon  of  over  400  miles; 

That  the  States  of  Illinois  and  Missouri  have  concurrent  jurisdiction 
over  the  waters  of  Mississippi  River,  each  having  exclusive  territorial 
jurisdiction  over  that  portion  adjacent  to  its  shores,  the  boundary 
having  been  declared  at  the  middle  of  the  main  channel; 

That  Illinois  River  joins  the  Mississippi  at  a  point  above  St.  Louis; 

That  on  the  banks  of  the  Mississippi  below  its  confluence  is  a  large 
population  that  uses  the  water  of  the  Mississippi  for  domestic,  agri- 
cultural, and  manufacturing  purposes; 

That  the  said  water  is  indispensable  to  the  life,  health,  and  happi- 
ness of  many  thousands  of  inhabitants  in  Missouri; 

That  the  construction  of  the  Chicago  drainage  canal  is  such  that 
its  contents  finally  empty  into  Mississippi  River  about  43  miles  above 
the  city  of  St.  Louis; 

That  such  construction  was  done  under  the  sanction  and  authority 
of  the  State  of  Illinois; 

That  the  channel  of  said  canal  is  cut  through  the  natural  watershed 
dividing  the  drainage  area  of  Lake  Michigan  from  that  of  Illinois 
River; 

That  the  defendants  propose  to  drain  through  said  channel  the 
sewage  matter  from  nearly  the  whole  of  the  city  of  Chicago  and  a 
portion  of  Cook  County; 

That  for  many  years  the  city  of  Chicago  had  discharged  into  Lake 
Michigan  large  quantities  of  sewage  which  has  accumulated  upon  the 
beds  of  Chicago  River  and  of  Lake  Michigan; 

That  if  such  plan  is  carried  out  it  will  cause  such  sewage  matter  to 
flow  into  Mississippi  River  past  the  homes  and  waterworks  systems 
of  the  inhabitants  of  the  complainant; 
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That  the  amount  of  such  imdefecated  sewage  matter  would  be 
about  1,500  tons  daily,  and  that  it  will  poison  the  waters  of  the  Mis- 
sissippi and  render  them  unfit  for  domestic  use,  amounting  to  a  direct 
and  continuing  nuisance  that  will  endanger  the  health  and  lives  and 
irreparably  injure  the  business  interests  of  inhabitants  of  the  com- 
plainant; 

That  the  complainant  is  without  remedy  except  in  a  court  of 
equity,  and 

That  it  prays  for  an  injunction  restraining  the  defendants  from 
doing  the  acts  herein  alleged. 

In  a  supplemental  bill  of  complaint,  made  siibsequent  to  the  open- 
ing of  the  drainage  canal,  the  complainant  alleged — 

That  the  water  of  the  canal  had  destroyed  the  value  of  the  water 
of  the  Mississippi  for  drinking  and  domestic  purposes,  and  had 
caused  much  sickness  to  persons  Uving  along  the  banks  of  said  river 
in  the  State  of  Missouri; 

That,  under  the  law  authorizing  the  construction  of  the  canal,  it 
was  required  that  said  sewage  be  diluted  with  not  less  than  20,000 
cubic  feet  of  water  per  minute  for  each  1,000  inhabitants  of  the 
sanitary  district,  and 

That  the  defendants  had  reduced  this  amount  to  about  10,000 
cubic  feet  per  1,000  inhabitants  and,  acting  under  the  authority  of 
the  Secretary  of  War,  proposed  thereafter  to  limit  the  maximimi 
dilution  to  that  amount. 

ANSWER   OF  THE   DEFENDANTS. 

The  State  of  Illinois  united  with  the  codefendant  in  general  admis- 
sions, denials,  and  allegations,  and  further  contended  that  the  sani- 
tary district  was  not  subject  to  the  control  of  the  executive  depart- 
ment of  the  State  of  Illinois,  and  that  all  acts  of  the  State  and  its 
executive  department  were  performed  prior  to  January  17,  1900,  the 
date  at  which  the  complainant  moved  for  permission  to  file  this  bill 
of  complaint. 

The  sanitary  district  admitted  the  character  of  the  complainant, 
its  population  and  location  with  reference  to  Mississippi  River,  and 
the  jurisdiction  of  each  party  with  reference  to  said  stream  as  alleged 
in  the  bill  of  complaint. 

It  further  admitted  that  Illinois  River  empties  into  the  Mississippi 
at  a  point  above  the  city  of  St.  Louis,  and  that  a  large  population  of 
said  plaintiff  relies  on  the  waters  of  Mississippi  River  for  their  water 
supply  for  domestic,  agricultural,  and  manufacturing  purposes. 

In  reference  to  the  question  as  to  whether  or  not  the  said  waters 
are  indispensable  to  the  life,  health,  and  happiness  of  the  said  inhab- 
itants, and  whether  or  not  said  inhabitants  are  compelled  to  use  such 
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waters  for  the  aforesaid  purposes,  the  defendant  neither  admitted 
nor  denied,  but  left  the  complainant  to  make  proof  thereof. 

The  defendant  admitted  the  passage  of  the  law  creating  the  sani- 
tary district  and  all  the  complainant's  all^ations  with  reference  to 
the  geographic  situation  of  Lake  ^lichigan  and  of  the  various  rivers 
and  the  canal  forming  the  drainage  system  of  the  defendant. 

The  construction  of  the  drainage  canal  as  allied  in  the  bill  of 
complaint  was  admitted,  and  the  allegation  that  the  sewage  of  the 
district  has  been  caused  to  flow  through  such  canal  into  Desplaines 
River. 

The  defendant  denied  that  the  sewage  of  said  district  flows  into 
Chicago  River  and  Lake  Michigan,  but  averred  that  the  greater  por- 
tion thereof  had  for  many  years  been  discharged  into  Desplaines  and 
Illinois  rivers,  the  same  having  been  pumped  from  Chicago  River 
into  the  Illinois  and  Michigan  Canal  and  through  this  conducted  to 
said  rivers. 

It  was  further  denied  that  large  quantities  of  sewage  matter  had 
accumulated  upon  the  beds  of  Chicago  River  and  Lake  Michigan,  and 
further  that  the  plans  adopted  would  loosen  such  matter  and  cause  it 
to  flow  into  Desplaines  River. 

It  was  further  denied  that  the  waters  of  the  Mississippi  ^411  be 
poisoned  and  polluted  by  the  completion  of  the  plans  above  noted 
and  that  the  adaptability  of  said  waters  for  domestic  and  other  uses 
will  be  destroyed. 

It  was  further  denied  that  the  discharge  of  sewage  through  the 
canal  will  injure  the  property  and  business  of  the  cities  of  the  com- 
plainant or  that  it  will  create  a  direct  and  continuing  nuisance. 

The  defendant  averred  that  the  turning  into  Desplaines  River  of 
such  sewage,  together  with  300,000  cubic  feet  per  minute  of  the  pure 
water  of  Lake  Michigan,  will  greatly  improve  the  quality  of  the  water 
of  the  Mississippi. 

The  defendant  made  numerous  allegations  concerning  the  discharge 
by  means  of  pumps  of  nearly  all  the  sewage  of  Chicago  through  the 
Illinois  and  Michigan  Canal,  and  further  alleged  that  the  acts  of 
the  defendant  with  reference  to  the  construction  of  the  canal  and  the 
plans  in  relation  thereto  are  open  and  notorious  and  largely  matters 
of  record. 

That  during  the  nine  years  since  the  institution  of  the  work  the 
defendant  had  expended  more  than  $33,000,000. 

That  the  complainant  had  notice  of  such  work,  and  that  said  com- 
plainant, having  delayed  this  complaint  until  the  completion  of  said 
work,  had  been  guilty  of  laches  and  was  therefore  estopped  to  further 
urge  this  cause. 

It  was  further  averred  that  the  distance  by  water  from  Robey 
street,  Chicago,  to  the  mouth  of  Illinois  River  is  322  miles,  and  that 
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on  the  various  tributaries  that  unite  to  form  Illinois  River  and  on  the 
main  stream  there  was  a  population  of  not  less  than  1,500,000,  exclu- 
sive of  the  sanitary  district  of  Chicago,  and  that  a  large  number  of 
cities  drained  into  the  said  rivers,  and  that  the  sewage  of  said  cities 
had  for  a  great  length  of  time  flowed  by  way  of  said  rivers  to  Missis- 
sippi River. 

That  Mississippi  River  and  its  tributaries  form  the  natural  drainage 
system  of  a  vast  region  of  country  and  that  the  additional  amount  of 
sewage  discharged  through  the  canal  is  trifling  in  amount  as  com- 
pared with  the  enormous  volume  received  from  cities  on  the  Mississippi 
drainage  area  above  St.  Louis. 

That  by  natural  laws  governing  running  water  in  large  bodies  the 
sewage  was  deprived  of  all  its  deleterious  qualities  by  processes  of 
vaporization,  attrition,  and  chemical  conversion. 

In  answer  to  the  supplemental  bill  of  complaint,  the  sanitary  dis- 
trict admitted  the  opening  of  the  canal,  but  denied  that  the  sewage 
had  polluted  the  waters  of  the  Mississippi  or  that  the  same  had  or  will 
hereafter  cause  sickness  to  persons  living  upon  the  banks  of  said  river 
in  the  State  of  Missouri. 

It  was  averred  that  the  defendant  would  prove,  if  permitted,  that 
the  turning  into  Illinois  River  of  said  sewage,  together  with  the  pure 
waters  of  Lake  Michigan,  does  not  in  any  way  impair  the  value  of 
the  waters  of  the  Mississippi. 

It  was  further  averred  that  suburban  towns  and  villages  having  a 
population  of  50,000  discharged  their  sewage  into  Mississippi  River 
opposite  said  city,  which  caused  a  much  greater  pollution  of  the 
waters  of  said  river  than  can  possibly  be  produced  by  the  waters 
coming  from  Illinois  River;  that  the  natural  flow  of  Mississippi  and 
Missouri  rivers,  the  latter  entering  a  short  distance  above  the  city 
of  St.  Louis,  caused  a  pressing  of  the  Illinois  waters  upon  the  east 
bank  of  Mississippi  River  lying  along  Illinois  River  and  prevented 
them  from  mixing  with  the  waters  flowing  along  the  west  bank  of 
said  stream  and  into  the  intake  of  the  waterworks  of  the  city  of 
St.  Louis. 

WITNESSES  AND  COUNSEL. 

The  principal  witnesses  called  to  testify  in  behalf  of  the  parties  to 
this  suit  were  as  follows: 

In  behalf  of  the  plaintiff:  Benezette  Williams,  Amand  Nicholas 
Ravold,  Ekiward  H.  Reiser,  William  C.  Teichmann,  J.  L.  Van  Omum, 
George  Chandler  Whipple,  WilUam  Thompson  Sedgwick,  Gardner 
Stewart  Williams,  George  W.  Fuller,  Allen  Hazen,  Edward  W.  Saun- 
ders, Washington  E.  Fischel,  Ludwig  Bremer,  Albert  E.  Taussig, 
Charles  H.  Goodman,  Herbert  E.  Smith,  John  W.  Alvord,  and 
Ernest  E.  Lochridge. 


10  FOULUTTON    OF    BTVEBS   BY   OHlOAaO  SEWAGE.  ^1 

|p  In  behalf  of  the  defendants:  John  IL  Loug^  F,  Robert  Z<!iL  AdJ 

tjehrmanu,  I>.  B.  Bishee,  Arthur  W.   Pabtier,  Thomas  J.  Buni 

Edwin  Oake*)  Jordaiij  Henry  L.  Russell,  Isham  Randolph,  Ludi 

Hektoen,   E.   G.   Hastings,   Eraatus  G.   Smith,  Jacob  A.   HaniJ 

Robert  Spurr  Weston,  William  Pitt  Mason,  Rudolph  Hering,  dam 

Dock,   Lewellys  F.   Barker^  Theobahl  Smith,  Victor  C,  Yau^ 

Leonard  P.  Kinnicutt,  William  S.  Thayer,  and  John  W,  HilL     I 

Th(?  principal  counsel  participating  in  the  examination  wise  I 

^pllowing:  j 

HI  In  behalf  of  the  plaijitiflf;  Edward  C.  Crow,  attomey-general  of  ij 

^^tate  of  Missouri;  Samuel  B.  Jeffries  and  William  F,  Woemer,! 

^xounscL 

^V  In  behalf  of  the  defendants :  H.  J.  Hamlin,  attorney-general  at  ll 
State  of  Illinois;  tTames  Todd,  solicitor  for  the  sanitary'  Lli&trifl( 
Chicago:  William  M.  Springer,  John  G.  Drennan,  and  W,  i\  Jota 
of  counsel. 

The  examination  was  conducted  before  Frank  S.  Brij^ht*  cemmi 
jner  of  the  Supreme  C!ourt  of  the  United  States. 
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TYPHOID  FEVER  IN  THE  MISSISSIPPI  VALLEY- 


During  the  course  of  the  taatiniony  there  were  introduced,  t 
various  witnesses^  the  records  of  deaths  from  tj-phoid  fever  at  mj 
ous  cities  in  the  Mississippi  basin  above  St.  Louis.     In  order  t 
this  record  may  be  more  comprehensive^  the  figures  have  been  i'^ni' 
bined  hi  the  following  table,  and  will  be  referred  to  in  connwiwfi 
with  the  deductions  of  certain  witnesses  for  both  parties  to  Mie  M 

Tablk  1, — DeathM  JfVffik  typhoid  fe I tr  in  drsigmittd  nticB  in  Mix^tiM^Hppi  hoMtniimtSL 
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TiEL«  1. — Dtaihs  from  typhoid  fever  in  designated  cities  in  Mississippi  basin  above  St. 
Louis,  Mo.,  189S-1902 — Continued. 


MiMwri  RiTer  basin: 
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a  Tributary  to  Chicago  drainage  canaL 

TESTIMONY  FOR  PliAIKTIFF. 

BBNBZETTB  WILLIAMS. 

DIEECT   EXAMINATION. 

Benezette  Williams,  a  consulting  engineer  of  Chicago,  formerly 
chief  engineer  of  the  sanitary  district,  and  for  a  number  of  years  con- 
nected with  the  sewer  department  of  that  city,  was  called  as  a  witness 
in  behalf  of  the  complainant  and  testified  to  certain  geographic  and 
aigmeering  facts  concerning  the  city  of  Chicago,  the  sanitary  district, 
and  the  drainage  canal.  The  examination  was  somewhat  digressive 
and  the  witness  was  frequently  not  allowed  to  finish  his  testimony 
concerning  one  point  before  he  was  diverted  to  another;  therefore 
the  following  paragraphs  are  presented  without  reference  to  the  order 
in  which  they  were  related  by  the  witness: 

The  city  of  Chicago  has  an  area  of  about  190.6  square  miles  and 
extends  along  the  southwestern  shore  of  Lake  Michigan  for  about  20 
miles.  The  eastern  boundary  is  therefore  the  lake  itself,  except  for 
a  distance  of  4i  miles  where  it  is  coincident  with  the  western  boundary 
of  Indiana;  the  southern  boundary  is  a  line  running  at  right  angles 
from  the  State  boundary;  the  northern  boundary  is  parallel  to  and 
24  miles  distant  from  the  southern  boundary.** 

Chicago  lies  very  low,  the  elevation -running  from  lake  level  to  25 
feet  above.     During  the  construction  of  the  city  it  was  necessary  to 


•The  western  boundary  is  irregular;  in  general  it  is  at  a  distance  of  8  miles  from  the  eastern 
boimdar7..-M  O.  L. 
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raise  the  grades  in  order  to  cover  the  sewers  and  elevate  the  city  out 
of  the  mire.  A  considerable  portion  of  the  city  has  been  built  out 
into  the  lake,  the  mouth  of  Chicago  River,  for  example,  being  more 
than  one-half  mile  farther  out  than  formerly.  As  a  whole,  the  city 
lies  too  low  to  afford  suflScient  gradient  for  the  discharge  of  the  sewers 
by  gravity,  and  therefore  trunk  sewers  have  been  laid  below  the  lake 
level  and  pumps  have  been  installed  to  raise  the  sewage  from  them. 

One  of  the  most  important,  as  well  as  the  most  troublesome  natural 
features  about  Chicago  is  Chicago  River.  The  main  stream  was 
originally  not  over  a  mile  long  from  the  lake  back  to  the  confluence  of 
two  forks.  The  northern  fork  (called  North  Branch)  is  the  lai^r  of 
the  two,  rises  in  Wisconsin,  and  runs  in  a  southeasterly  direction 
across  the  northern  portion  of  the  city.  The  southern  fork  (called 
South  Branch)  divides  at  a  distance  of  about  5  miles  from  the  lake 
into  two  forks,  which  are  locally  known  as  West  Fork  and  South  Fork. 
South  Fork  drains  a  very  small  territory  and  originally  was  merely  a 
ditch,  dry  except  during  floods.  West  Fork  also  drains  a  small  terri- 
tory, the  area  adjoining  that  of  Desplaines  River.  Formerly,  during 
floods,  Desplaines  River  would  break  over  the  divide  and  come  doun 
West  Fork  into  Lake  Michigan,  making  the  fork  at  such  times  a  com- 
paratively large  stream.  Throughout  the  greater  length  of  Chicago 
River  and  its  branches  in  the  city  the  channel  has  been  dredged  and 
docked  for  commercial  purposes,  and  a  considerable  depth  of  water  is 
maintained. 

From  the  time  of  the  initial  development  of  Chicago  the  river  has 
been  commonly  utilized  for  the  discharge  of  sewage.  With  the 
growth  of  the  city  the  danger  occasioned  by  this  practice  became 
more  and  more  acute  until  it  was  necessary  to  provide  means  for 
purifying  the  stream.  The  readiest  means  at  hand  was  the  dilution 
of  the  river  water  by  that  from  Lake  Michigan,  and  this  was  accom- 
plished for  several  decades,  both  by  the  actual  pumping  of  the  lake 
water  into  the  river  through  conduits  and  by  the  pumping  of  river 
water  into  the  Illinois  and  Michigan  Canal,  allowing  the  lake  water  to 
take  the  place  of  that  so  discharged.  The  character  of  these  conduits 
and  pumping  works  is  briefly  as  follows: 

In  1879  a  12-foot  conduit  was  completed,  running  from  the  lake 
along  Fullerton  avenue  to  North  Branch.  The  pumps  there  installed 
had  a  working  capacity  of  15,000  cubic  feet  per  minute.  This 
amount  of  fresh  water  from  the  lake  had  the  effect  of  flushing  the 
impurities  gathered  in  North  Branch  either  into  the  lake  or  down 
South  Branch,  according  as  the  current  ran  toward  one  place  or  the 
other. 

Another  conduit  was  excavated  along  Lawrence  avenue,  circular  in 
cross  section  and  16  feet  in  diameter.  The  conduit  had  not  been 
completed  at  the  date  of  the  testimony.     It  was  designed  to  take 
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away  by  means  of  a  system  of  intercepting  sewers  the  sewage  then 
discharged  into  the  lake  along  the  north  shore,  as  well  as  to  supply 
water  from  the  lake  to  North  Branch. 

South  Fork  of  South  Branch  has  its  origin  about  3  miles  south  of 
its  confluence  with  South  Branch  and  was  at  first  merely  a  storm- 
water  drain.  At  this  time  it  is  dredged  for  shipping  purposes  and 
extends  to  the  Chicago  stock  yards.  A  conduit  has  been  built  into 
what  is  known  as  the  east  arm  of  South  Fork,  an  arm  merely  dredged 
out  for  docks.  This  conduit,  20  feet  in  diameter,  with  a  capacity  of 
120,000  cubic  feet  per  minute,  was  constructed  to  divert  the  sewage 
entering  the  lake  along  the  south  shore  and  to  supply  fresh  water  to 
flush  South  Fork. 

The  city  of  Chicago  more  than  thirty  years  ago  established  a  pump- 
ing station  at  the  head  of  South  Branch  near  Ashland  avenue  and 
Twenty-sixth  street  for  the  purpose  of  turning  the  foul  water  of  the 
stream  into  the  Illinois  and  Michigan  Canal,  thereby  relieving  the 
river  of  much  of  its  impurity.  This  plan  was  eflScient  for  a  time,  but 
with  the  unexampled  growth  of  the  city  and  the  consequent  increas- 
ing foulness  of  Chicago  River  the  pumping  necessary  to  the  purifica- 
tion of  the  river  soon  increased  beyond  the  capacity  of  the  plant. 
These  pumps  were  operated  by  the  city  until  1900  and  had  the  effect 
of  reversing  the  normal  course  of  the  current  in  South  Branch.  In 
the  year  mentioned,  however,  the  works  were  turned  over  to  the  sani- 
tary district  of  Chicago  and  finally  to  the  commissioners  of  the  Illinois 
and  Michigan  Canal.  At  present  they  are  used  only  for  keeping  up 
the  level  of  the  canal  for  navigation  purposes.  The  Chicago  drainage 
canal  was  the  result  of  the  increased  pollution  of  Chicago  River  and 
was  built  to  divert  all  the  sewage  of  the  city  from  the  lake  into  Des- 
plaines  River. 

The  Chicago  drainage  canal  begins  at  Robey  street,  Chicago,  about 
one-fourth  of  a  mile  north  of  Thirty-first  street,  and  is  parallel  with 
the  old  Illinois  and  Michigan  Canal  as  far  as  Lemont — that  is,  to  the 
range  line  just  east  of  Summit.  This  stretch  of  the  canal  is  41,100 
feet  in  length.  The  elevation  of  the  bottom  of  the  channel  at  Robey 
street  is  24.45  feet  below  Chicago  datum,  this  datum  being  the  lake 
level  at  low-water  mark  in  1847.  From  Robey  street  to  Willow 
Springs,  a  distance  of  13.2  miles,  the  grade  is  1  foot  in  40,000,  so  that 
at  Willow  Springs  the  elevation  of  the  canal  bottom  is  —  26.2  feet.  The 
section  from  Robey  street  to  the  range  line  at  Summit  is  dug  in  glacial 
drift  110  feet  wide  on  the  bottom,  with  slopes  of  2  to  1,  making  the 
width  at  water  line  about  200  feet.  From  the  range  line  at  Summit 
to  -Willow  Springs  the  canal  is  in  glacial  drift  except  for  a  short  dis- 
tance, where  it  strikes  some  rock.  The  canal  is  built  in  the  maimer 
above  described  throughout  this  second  stretch.  From  Willow 
Springs  to  a  point  within  about  4,000  feet  of  the  controlling  works  at 
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Lockport  the  clianne)  Is  160  foet  wide  on  the  bottonij  with 
sidea  formed  by  Lrxcavating  the  rock  which  extended  most  of  thi 
tance  bptween  the  two  points.     Along  this  stretch  there  is  a  fal)< 
foot  in  20,000,     At  a  point  within  4,000  feet  of  the  controlling  m 
the  canal  widens  out  in  fan  sliape,  and  just  above  the  works  the  y 
becomes  considerable.     The  grade  is  maintained  the  same^  the  efc 
tion  of  the  bottom  at  the  works  being  —  30.1  feet,  which  gives  a  \i 
fall  of  the  canal  between  Robey  street  and  the  controlHng  worksl 
5.55  feet*     The  distance  between  tlie  two  points  is  28. OX  miles. 

As  originally  designed^  according  to  the  prescription  of  Uw, ! 
canal  Ls  intended  to  carry  600,0tK)  cubic  feet  per  minute,  with  thei 
in  the  lake  bb  datum.     This  capacity  was  provided  for  in  ftUj 
excavations  J  but  in  the  first  section,  between  Robey  street  audi 
mit,  the  canal  was  made  smaller,  witli  a  view  to  widening  in  thefuW 
as  the  demand  should  arise.     The  canal  was  commenced  in  the  1 
of  1892  J  and  it  was  accepted  by  the  governor  of  Illinois  Janiian  I 
1900, 

The  flow  from  the  canal  to  Dosplainci^  River  during  the  early  p 
is  as  follows: 

Flow  from  Chicago  dminm^  c&val  to  Dupkntum  Hva^t^  Jimwtiy  JO,  l$0t(^.  to 

Jamrnry  20  to  Marct  31,  1900________,.__. ._ lUi 

March  31  to  June  30,  1900 -. ,.._.  2111 

June  30  to  September  29,  1900...., IHl 

September  29  to  December  20,  1900 _. 

December  29,  1900,  U>  Murch  31,  1901 ,..-... ,, 

Maximum  flow,  March  16,  1901 _  _ 

The  rate  of  flow^  in  the  canal,  as  reported  June  20,  1900,  by  Uift 
Willard,  United  States  Engineer  Corps,  was  as  follows:  Whene« 
there  was  a  discharge  of  150,000  to  210,000  cubic  feet  per  minute tli 
average  velocity  was  1,79  feet  per  second,  or  L22  miles  per  h0i 
when  the  discharge  was  from  270,000  to  310,000  cubic  feet  per  niiiu* 
the  average  velocity  wa.'*  2,72  feet  per  aee«nd,  or  1.85  miles  per  hoar- 

For  the  purpose  of  showing  the  jwpidation  tributary  to  Chicago 
River  in  the  city,  and  thereby  indicat  ing  the  great  amount  of  pollute* 
matter  discharged  into  it,  the  witness  stated  that  he  had  made  fortta 
whole  city  a  distribution  of  tlie  population  according  to  the  point^of 
watercourse  to  which  it.  is  tributary  and  had  represented  that  di^Jtri- 1 
bution  of  the  city  into  districts  by  a  map.  which  he  introduced  i^n « 
evidence.     These  districts  are  numbered  from  1  to  12,  inclusive,  ftoi 
were  fixed  according  to  the  sewer  map  of  Chicago,  sliowing  tlie  msio 
sewers,  each  district  being  tributary  to  one  of  them.     Based  on  the* 
districts,  the  total  population  of  the  sanitari'  district— that  is,  nartk 
of  Eighty -seventh  street  ^was,  in  1900, 1,639,546.     ConsoHd&ling  ce^ 
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tain  districts  in  accordance  with  the  drainage  system,  the  witness 
found  that  the  population  tributary  to  the  main  portion  of  Chicago 
River  and  to  South  Branch  was  791,677;  that  tributary  to  the  lake 
on  the  south  shore,  which  the  witness  explained  will  ultimately  be 
dischai^ed  into  South  Branch,  was  175,182;  tributary  to  South  Fork 
of  South  Branch,  282,655;  tributary  to  West  Fork  within  the  city 
limits,  74,899;  .tributary  to  North  Branch,  555,789;  tributary  to  the 
lake  on  the  north  shore,  28,878.  Aside  from  the  districts  here  enu- 
merated there  was  in  the  southern  part  of  the  sanitary  district  a  popu- 
lation of  18,827  that  had  not  up  to  that  time  been  provided  with  a 
sewerage  system;  and  in  what  is  known  as  the  Calumet  district,  lying 
south  of  Eighty-seventh  street  and  discharging  into  Calumet  River, 
there  was  a  population  of  70,636. 

Summarizing  these,  the  witness  stated  that  there  drained  into  the 
main  riv^'.  South  Branch,  and  various  tributaries  a  total  population 
of  1,705,020.  To  this  there  would  ultimately  be  added,  through  the 
Lawrence  avenue  and  Thirty-ninth  street  conduits,  imder  construc- 
tion, the  drainage  from  a  population  of  204,060.  After  these  conduits 
are  put  into  operation,  the  sewage  intercepted  and  tmned  into  the 
river,  there  will  be  distributed  directly  into  the  main  river.  South 
Branch,  and  the  drainage  canal  the  sewage  from  a  population  of 
800,829;  into  South  Fork  that  from  476,664;  mto  West  Fork  that 
from  74,899;  and  into  North  Branch  that  from  584,664.  The  fore- 
going figures  are  based  on  the  school  census,  which  was  in  excess  of 
the  Federal  census  by  about  16  per  cent.  Witneos  stated  that  the 
sewage  from  about  200,000  people  was  discharged  directly  into  Lake 
Michigan. 

CROSS-EXAMINATION. 

On  cross-examination  the  witness  stated  that  the  pumps  which  were 
used  in  South  Branch  of  Chicago  River  to  deliver  polluted  water  to 
the  Illinois  and  Michigan  Canal  had  operated  most  of  the  time  since 
their  installation  up  to  1900,  or  for  a  period  of  about  thirty  years, 
usually  at  their  full  capacity,  not  far  from  45,000  cubic  feet  per  minute, 
and  that  this  water  eventually  reached  Illinois  River  through  the  foot 
of  the  canal  at  La  Salle  and  from  various  waste  weirs  between  the  two 
points. 

REDIRECT   EXAMINATION. 

The  testimony  of  the  witness  was  closed  with  a  description  of  the 
controlling  works  of  the  Chicago  drainage  canal  at  Lockport.  He 
stated  that  at  these  works  there  were  seven  sluice  gates  operated  by 
mechanical  appliances,  each  gate  having  an  opening  30  feet  wide. 
They  are  held  as  a  reserve  until  the  time  comes  when  they  will  be 
needed.     The  main  appliance  reUed  on  at  present  for  controlling  the 
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flow  from  the  canal  k  known  as  the  Bear  Trap  dam;  it  is  160  feet 
and  has  a  vertical  oseiUation  of  17  feet.     This  dani  is  a  steel 
the  upper  edge  uf  whieh  points  upstream  and  can  be  lowewl 
raised  by  water  power.     When  the  dam  was  completely  1 
there  would  pass  over  it  an  amount  of  water  which  the  witness 
mated  as  from  800,000  to  1,000,000  cubic  feet  per  minute,  on 
than  equal  to  the  capacity  of  the  intake  of  the  canal  at  Chicago 
while  when  the  dam  is  raised  t-o  its  niaxinmm  height,  the  flow  off 
from  the  canal  can  be  shut  off  completely; 

The  testimony  of  this  witness  ooeupies  pag^  480  to  543  ^ 
record. 

J.  L,  VAN   ORNUM.  ' 

J.  L.  Van  Omum,  called  as  a  mtness  in  behalf  of  the  complill 
qualified  by  making  the  following  statements :  He  is  a  civil  engp 
by  profession,  having  graduated  from  the  University  of  \Yhn 
1888;  for  about  ten  years  thei^after  was  engaged  in  the  generrf 
tice  of  the  profession  of  civil  engineering  in  different  parts  of  ihe 
try,  the  work  including  municipal,  railway,  and  river  and 
inv^tigations,  together  with  that  on  the  Mexican  boundan  sum 
at  the  time  of  testimony  and  during  four  years  previous  thereto 
been  professor  of  civil  engineering  at  Washington  UniveisitTr 
Louis,  Mo,     (1733-1734)«. 

The  mtne^is  stated  that  in  March,  1903,  he  was  engaged  by  tht* 
of  St,  Louis  to  determine  the  time  i-equired  for  water  to  Qm  fj 
Chicago,  through  the  drauiage  canal  and  Desplaines,  Illinois,  aDd 
sissippi  rivers,  doT^^i  to  the  water  intake  at  Chain  of  Rocb. 
investigation  was  divided  into  three  sections;  one  covered  tk 
tance  from  Chicago  to  Peoria,  the  second  from  Peoria  to  Grafton* 
the  third  from  Grafton  to  Chain  of  Rocks.  It  had  been  the  inteoW 
t^  carry  on  the  work  in  all  these  sections  simultaneously  arnica 
tinue  the  observations  day  and  night,  tuit  this  was  found  impnietirti 
by  reason  of  adverse  conditions  which  made  it  impossible  to  foii 
the  floats  at  night.  Therefore  they  were  taken  out  of  the  ii'at^* 
night  and  replaced  in  the  same  positions  on  the  following  momifi( 
(1734.) 

The  floats  were  of  the  submerged  type»  the  lower  portion  coiij^is^Nl 
of  melal-plate  vanes  set  into  each  other  in  such  a  way  that  hi  ^W 
ever  direction  the  current  should  turn  there  would  be  a  coiisidmUj 
area  exposed.  Each  plate  was  12  by  12  inches  in  area.  It  was« 
nected  to  the  buoyant  part  of  a  float  by  a  cham,  the  length  of  i^M 
varied  in  different  floats  according  to  the  depth  of  the  water  ia  islil 
it  was  used.     The  part  of  the  float  wliich  gave  buoyancy  consisted  < 
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two  cones  with  bases  superimposed  at  the  periphery.  The  cones  had 
a  diameter  at  the  base  of  12  inches,  while  the  axis  of  thfe  double  cone 
was  about  8  inches  in  length,  the  idea  being  to  so  regulate  this  size  that 
the  buoyant  part  of  the  submerged  float  would  be  made  to  sink  to 
about  half  its  height  by  the  weight  which  it  was  supporting.  Extend- 
ing down  through  the  center  of  this  cone  was  a  cylindrical  tube  into 
which  was  set  a  stiflf  wire  which  supported  a  metal  flag  4  by  4  inches. 
This  flag  was  numbered  and  painted  a  certain  color  in  order  that  the 
observers  might  readily  distinguish  the  various  floats.  The  whole  idea 
of  float  construction  was  to  get  as  closely  as  practicable  the  velocity  of 
water  on  and  below  the  surface,  rather  than  merely  that  at  the  surface, 
so  that  there  might  be  derived  from  the  observations  a  more  accurate 
idea  of  the  velocities  of  the  stream.  The  length  of  the  chains  support- 
ing the  vanes  was  set  at  1,  2,  and  3  feet  for  those  used  on  Illinois  River, 
while  those  on  Mississippi  River  were  regulated  to  2,  4,  and  6  feet. 
(1735-1736.) 

The  testimony  of  the  witness  with  reference  to  the  intervals  noted 
during  the  investiagtion  is  collected  in  Table  2.     (1737-1742.) 

Table  2. — RcUe  of  JIow  of  Chicago  drainage  canal  and  DespUxineSy  Illinois^  and  lHa- 
sissippi  rivers  from  Chicago  to  St.  Louis ^  March,  1903. 

FIRST  SECTION-CHICAGO  TO  PEORIA. 


Day. 


15 
te-17 
16 
16 
17 
18 
19 

ao 

20 
21 
21 
22 
22 
22 
22 
23 
23 
•24 
25 
2S 
36 
25 


Measuring  points. 


Interval.' 


Remarks. 


Head  of  canal 

Western  Avenue  Bridge,  Chicago 

C.andC.T.  Rv.  bridge 

Cook  County  line 

Desplaines  River  at  Bear  Trap  dam. 

JoUet,Ill 

Designated  flag  station 

1  mile  above  Dupsige  River 

Morris 

Seneca 

MarseUIes 

Ottawa 

Utica 

LaSaUe 

Peru 

Marquette 

Depuc 

Hennepin 

Twin  Island 


Henry 

Flag  station  at  smal]  island . 

CWUlcothe 

Rome 


Hr.  min. 


8  3t> 

1  49 
11  18 

2  26 


25  Blazed  tree  on  bank 9    48 

26  I  Peoria  main  highway 17    45 


Estimated. 


34  hours  26  minutes  in  canal. 
River  at  flood  stage. 


Observations     by     special 
party  sent  ahead. 

Lockport    to    Peoria,      102 
hours  26  minutes. 


tt  No  observation  by  reason  of  storm. 


IRB  194—07- 
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Table  2. — Rale  of  flow  of  Chicago  draiTiage  canal  and  Desplaines,  Illinois,  and  Ifw- 
sisippi  rivers  from  Chicago  to  St.  Louis,  March  190S — Continued. 


SECOND  SECTION— PEORIA  TO  GRAFTON. 


Day. 

Measuring  point. 

• 

Interval. 

Remarks. 

Peoria 

Hr.min. 

u 

Pekin 

4 

3 
7 
8 
10 
10 
10 
6 
3 
5 
4 

3 
2 
5 
1 
3 
5 
4 

30 
17 
43 
58 
40 
37 
51 
22 
33 
19 
15 

35 
45 
15 

15 
2 

River  at  flood  stage. 

15 

Kingston 

15 

Banner 

16 

Liverpool 

17 

Havana 

18 

SheldoDs  Grove 

19 

Beardstown 

20 

Lograngf^ .                                                             

20 

Flag  station  on  tree 

21 
18 

18 
19 
19 
19 

Naples 

Florence 

Bedford 

Pearl 

Karops  villc 

Designated  beacon 

Observations      by     special 
party  sent  ahead. 

20 

Hardin 

20 

Government  light       .         .         

21 

Grafton 

Peoria  to  Grafton,  IQS  hours 

27  minutes. 

THIRD  8ECTION-GRAFTON  TO  CH 

AIN 

DF 

ROCKS. 

Grafton 

18 

18 

Alton 

Intake  tower,  Chain  of  Rocks 

' 

36 
34 

River  at  half  stage. 
Grafton  to  Chain  of  Rocks, 

U  hours  10  minutes. 

Total  time,  Chicago  to  St.  Louis,  10  days,  10  hours,  29  minutes. 

The  witness  stated  that  although  the  work  was  all  done  under  his 
supervision,  none  of  it  was  conducted  personally  except  that  between 
Grafton  and  Chain  of  Rocks.  The  assistant  engineers  employed  to 
make  the  observations  between  Chicago  and  Grafton  submitted  field 
notes  properly  certified.  These  notes  included  records  of  velocity 
and  direction  of  wind,  velocity  of  floats,  condition  of  the  weather  and 
stream,  the  general  course  taken  by  the  floats,  and  every  incident  or 
fact  having  any  bearing  on  the  work.  The  instructions  given  to 
assistant  engineers  making  the  observations  were  that  the  floats 
should  be  placed  in  the  stream  along  the  cross  section  and  allowed  to 
take  their  own  course.  Whenever  one  of  the  floats  would  go  ashore 
or  become  entangled  in  a  snag,  it  would  be  removed  and  carried  for- 
ward to  the  position  of  the  most  advanced  float.     (1743-1744.) 

In  reply  to  a  question  concerning  the  side  of  the  river  taken  by  the 
floats  during  the  observations  made  from  Grafton  to  Chain  of  Rocks, 
the  witness  stated  that  the  floats  were  placed  in  the  lower  end  of  lUi- 
nois  River  in  such  a  way  that  they  went  across  the  river,  one  in  the 
center,  one  about  half  way  from  the  center  to  the  right  bank,  and  the 
third  half  way  from  the  center  to  the  left  bank.  As  they  floated  into 
Mississippi  River  they  moved  closer  to  the  Dlinois  shore,  and  from 
IlUnois  River  to  a  point  below  the  mouth  of  the  Missouri  they  were 
more  or  less  close  to  the  Illinois  shore.     At  a  point  about  2  miles  above 
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the  waterworks  intake,  the  floats  were  fairly  close  to  the  Illinois  shore, 
perhaps  about  50  feet  from  it,  but  from  this  point  down  to  the  intake 
the  floats  rapidly  left  "the  Illinois  shore,  reaching  the  middle  of  Mis- 
sissippi River,  and  finally  passing  the  intake  between  it  and  the  Mis- 
souri shore.     ( 1745-1746.) 

On  being  recalled  to  the  witness  stand.  Professor  Van  Omum  testi- 
fied that  he  had  taken  samples  from  Mississippi  and  Missouri  rivers 
and  sent  the  same  to  George  C.  Whipple  at  Brooklyn  for  examination. 
The  samples  were  taken  along  the  sections  across  the  rivers  as  follows: 
Section  B  in  Missouri  River  above  its  confluence  with  the  Mississippi; 
section  M  in  Mississippi  River  above  the  mouth  of  the  Missouri;  sec- 
tion C  in  Mississippi  River  below  the  mouth  of  the  Missouri;  and  sec- 
tion I  in  Mississippi  River  close  to  the  intake  at  Chain  of  Rocks.  A 
chart  showing  these  locations  was  presented  and  discussed.  The 
samples  taken  were  numbered  from  1  to  the  highest  number.  No.  1 
always  being  toward  the  right  bank  of  the  river.  Eight  points  were 
located  along  each  of  sections  M  and  C,  twelve  along  section  I,  and 
three  along  section  B.  At  each  sampling  point  on  section  B  one 
sample  was  taken  at  a  depth  of  10  feet;  at  each  point  on  sections  C 
and  I  three  samples  were  taken  at  depths  of  6  inches,  10  feet,  and  30 
feet  or  at  the  bottom,  being  designated,  according  to  the  depth  of  the 
water,  a,  b,  and  c,  respectively.     (1882-1884.) 

AMAND  NICHOLAS  RAVOLD. 
DIRECT    EXAMINATION. 

Dr.  Amand  Nicholas  Ravold  was  called  as  a  witness  on  behalf  of 
the  complainant  and  qualified  as  an  expert  by  stating  that  he  had  been 
a  practicing  physician  since  1881  and  a  professional  bacteriologist 
since  1885.  From  1887  he  had  been  connected  with  the  medical 
department  of  Washington  University,  during  most  of  which  period  he 
had  held  the  professorship  of  bacteriology.  In  1894  he  entered  the 
employ  of  the  health  department  of  the  city  of  St.  Ix)uis,  as  consults 
ing  bacteriologist.  The  testimony  occupies  pages  2-480,  volume  1  of 
the  record. 

After  relating  at  some  length  the  history  of  bacteriology  and  its 
development  and  discussing  briefly  various  epidemic  diseases  and 
methods. of  sewage  disposal,  the  witness  was  directed  to  the  subject 
in  hand.     (7  et  seq.) 

The  bacteriological  investigation  carried  on  by  the  city  of  St.  Louis 
to  determine  the  effect  of  the  water  from  the  Chicago  drainage  canal 
was  divided  into  three  periods,  the  first  extending  from  August  to 
December,  1899;  the  second  from  January  to  December,  1900,  and  the 
third  from  September  to  November,  1901,  each  inclusive.  Besides 
this,  from  January  to  April,  1902,  the  witness  engaged  in  special  inves- 
tigations, and  from  June  to  September  of  the  same  year  carried  on 
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experiments  to  determine  the  longevity  of  BaciUus  iyiihosus  in  water 
imder  various  conditions.  The  witness  further  stated  that  all  meth- 
ods used  in  these  investigations  conformed  with  the  recommendations 
of  the  committee  on  standard  methods  in  water  analyses  appointed 
by  the  American  PubUc  Health  Association,  except  such  special  pro- 
cedure as  he  had  devised  during  the  investigations  for  original  work. 
(57-76.) 

Previous  to  the  beginning  of  this  investigation  a  temporary  bacte- 
riological laboratory  was  established  at  Chain  of  Rocks,  and  August 
10,  1899,  numerous  samples  of  the  water  were  taken  from  the  river  in 
the  intake  and  in  the  uptake,  which  is  at  the  end  of  the  1,500  feet  of 
channel  running  from  the  intake  tower  to  the  Missouri  shore.  As  the 
results  are  simply  preliminary  in  character  and  not  especially  signifi- 
cant, the  tables  will  not  be  given  in  this  review.  It  is  sufficient  to 
state  that  from  August  10  to  September  25,  1899,  the  number  of  bac- 
teria in  Mississippi  River  above  the  intake  varied  from  275  to  3,600 
per  cubic  centimeter;  the  four  water  samples  taken  at  the  intake  from 
August  10  to  23  showed  a  content  of  375  to  950  bacteria  per  cubic  cen- 
timeter, and  in  the  samples  taken  at  the  uptake  from  August  10  to  Sep- 
tember 11  the  number  of  bacteria  varied  from  150  to  1,500.  The 
results,  as  a  whole,  show  an  unmistakable  decrease  in  the  number  of 
bacteria  between  the  river  above  the  intake  and  the  end  of  the  tunnel 
at  the  shore.     (76-81.) 

Following  this  five  series  of  samples  were  taken  from  a  boat  along 
Illinois,  Mississippi,  and  Missouri  rivers  at  various  points,  the  results 
of  which  are  not  here  recorded.     (81-85.) 

Commencing  January  23,  1900,  six  days  after  the  opening  of  the 
Chicago  drainage  canal,  a  systematic  bacteriological  survey  was 
started,  daily  samples  being  taken  from  the  following  points: 

Lake  Michigan. 
Chicago  drainage  canal. 
Desplaines  River  at  Joliet  and  Lockport. 
Illinois  River  at  Peoria,  Beardstown,  and  Grafton. 
Mississippi  River  at  Grafton,  Alton,  and  Hartford. 
Missouri  River  at  Fort  Bellefontaine. 

Mississippi  River  opposite  St.  Louis  water-supply  intake  at  three  points  on  cross 
section,  Missouri  shore,  midriver,  and  Illinois  shore. 

These  samples  were  transported  to  St.  Louis,  and  throughout  the 
remainder  of  the  year  the  number  of  bacteria  per  cubic  centimeter  and 
the  presence  or  absence  of  Bacillus  coli  communis  were  determined. 
The  results  of  the  determinations  on  Lake  Michigan  samples  are  given 
in  Table  3.     (93-96.) 
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Table  3. — Bacteriological  examination  of  seventeen  samples  of  water  from  Lake  Michigan 

in  1900. 


Date. 


July  23, 11.46  a.m.. 
Jalj30,llJ0a.m.. 
Aug.  9.  4.00  p.  m . . . 
Aqg.31, 10.3ba.  m. 
S^  7. 11.30  a.  m  . 
S^t.lS,10.aOa.  m. 
Sept.  IS,  11.45  a.m. 
Sept.  22, 2.00  p.m.. 
Sq)t.  22. 11.15  a.m. 
Oct.ll,  12.15  p.m.. 
Oet.ll,  lia)a.  m.. 
Oct.  1»,  11.00  a.m.. 
Oct.  19, 10.30  a.m.. 
Oct.  26, 11.45  a.m.. 
Oct.28, 12.30  a.m.. 
Nov.  9. 11  JO  a.  m.- 
NoT.  9,  llilOa.  m.. 


,    Bacteria   L  ,^ii„„„ 
Place.  per  cubic  l^'^'^^a"*" 

centimeter,     '""^s" 


4-mUe  crib 

Carter  Harrison  crib 

10  miles  out  from  Chicago. 

Carter  Harrison  crib 

Lake  View  crib 

2-mlle  crib 

3-mile  crib 

2-mile  crib 

68th  street  crib 

2-mile  crib 

3-mile  crib 

2-mile  crib 

3-mile  crib 

4-mile  crib 

68th  street  crib 

....do 

4-miIe  crib 


1,600 

+ 

12,300 

+ 

16,300 

+ 

21.400 

-1- 

5,200 

— 

909,700 

-1- 

111,500 

+ 

61,000 

44,000 

— 

1,100 

_ 

1,000 

+ 

4,400 

+ 

1,100 

— 

90,000 

— 

157,600 

— 

3,300 

— 

2,900 

~ 

a+  indicates  presence  of  B.  coli  communis:  —  indicates  absence  of  B.  coli  communU. 

The  witness  then  read  into  the  record  the  results  of  the  daily  ex- 
aminations made  at  the  various  other  points  above  mentioned.  The 
complete  statement  occupies  pages  100-211,  inclusive,  of  the  official 
record  of  testimony.  The  results,  condensed  into  weekly  averages 
with  the  per  cent  of  samples  containing  B,  coli  communis j  are  included 
in  Table  4. 

In  connection  with  report  of  these  investigations  the  witness  dis- 
cussed the  work  of  identification  of  bacterial  flora  in  samples  taken 
from  seven  points.     The  results  are  combined  in  Table  5. 
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Table  5. — Bacterial  fora  in  Desplaines,  Illinois,  Mississippi,  and  Missouri  rivers  at 

designated  points. 


^ 

08 

u 

si 
f 

1° 

si 

so 

i 

.       Mississippi  River  at 
+               Hartford. 

h 

"4-"' 

^1 

k 
p 

it 

d 

■  s 

BadllQS  albas 

R.  ^ntpnniforni|A 

B.  AqifAtflin  KiilCfltnA  T 

+ 

-1- 

B.  «qaatili«  milcatut*  111 . 

+ 

B.  Aimf^t^ilR  iniicatM*  V 

+ 

+ 

B.  Ar^MngMcen" 

4- 

B-  ««Twr>ffliff 

+ 

B.  aareus 

B.  bnnmeus 

-f. 

B.  eereos 

+ 

+ 

+ 
-1- 

+ 

B.cloacjB 

B.  Mill  <V)TnniUTif« 

B.  iHioatiilnf^ . 

+ 

+ 

•f- 

B.  dMidiomis 

+ 

B-  flnorR4Cf!ii9  liicognltM«  ,.,--,,- 

-1- 

+ 

+ 

B.  flaorp^K^ns  iiqiwVftcl<*n8 ' 

+ 

B.  flooreaoeiiB  t^uls 

+ 

+ 

-1- 

B.  flonT<p9C6nff  tprmo .   . 

B.folvtis 

1 

+ 

+ 

B.helvolus 

+ 

+ 

+ 
+ 

+ 

B.jrideffcens                                                               .    . 

B.  Ijtctiviacosus 

...... 

+ 

-f 

B,  lartifl  c>Tythrog©iM»8 

B.  UqiiefacJeDs                  

-1- 

+ 

+ 

+ 

-1- 

B.  Uqoidua 

B.  megaterium 

B.  mmnntnncus  vnlgatu*. .,...,,     



+ 
+ 

•+ 

+ 

B.  nabulis               "    

+ 

B.  ocrapeuB                ,   .                                

+ 

+ 
+ 

+ 

B.  pliratni 

B.  proteos  mirabilis 

+ 
+ 

+ 

-1- 
+ 

-t- 

B.  pioteos  Zenker! 



+ 

-J- 

B.  pT«>tMH»  Mcarpi 

B-  mbftfaAien.*!      

+ 

B.gtdlatus 

+ 

+ 

-1- 

-1- 

+ 

B.  mbflaviis 

B.subtilis 

+ 

+ 

+ 

B.  abTqoitus  

+ 

+ 

B.  UTBtt. 



B.  Tirklis                

+ 



+ 

-f. 

Ificrococcus  cremolden 

+ 

M-  flavTiH  liquefaciens 

+ 

Saidnaliitea 

+ 



+ 

+ 

: 

1 

A  third  series  of  examinations  extended  throughout  the  period  from 
August  26  to  December  1,  1901.  The  plan  of  procedure  involved  the 
establishment  of  temporary  laboratories  equipped  with  the  necessary 
apparatus  at  the  following  points:  Joliet,  111.,  in  charge  of  Dr.  W.  C.  G. 
Kirchner;  Peoria,  111.,  in  charge  of  Dr.  William  H.  Rush;  Grafton,  111., 
in  charge  of  Leon  G.  Tedesche;  1141  Market  street,  St.  Louis,  with  five 
a^tant  bacteriologists  under  the  charge  of  Dr.  Ravold. 


24 
1   Suniples  were  eollecte^l  from  the  following  pointer: 


StmijdiTiff  ptnnls,  Augjist  M  to  Bfcrmhtr  I,  190 i. 


Desplaineis  Rivpf  at  Lcx^kpart^  abov<?  junction  with  dmlnflge  L*aii»1  _ . , I 

Bear  Trap  dain.  drftitiage  eaufll , ,, ? 

Xllinob  and  Michigan  canal ,  at  Ninth  Street  Bridge,  Ltx^iqxJrt, . , . .  * I 

Deepiainea  River  at  Xinth  Strwi  Bridge. , , , ,  I 

Dgeplaijioi?  Hi vor  at  Ruby  street,  Joltet. . . .  ^ .  * ,  ^ , 1 

peaplainf-e  ^\\f^t  at  Brandon's  Uridge,  Joli^t , . ^  ^  -»,,*».*,*.  ^  >,.  ^ , 

IHinoiB  Rivj^rat  Avi^r>'"vi}le .--,.*.^^^.,.^,,.^      . 

IBinab  River  at  railroad  bridge,  Pekin -.._-,,* ] 

Illinois  River  at  Kingston,  3  mile*  below  Pekin ...,>,-. t-^,..,,,^^..^.,_,,  jk 

lllinoii?  River ahfjve  Grafton .,.-.,*»*i,p«*,^..._„^,^,,*.  S 

Mississippi  River  nl»f»ve  Gmfton,  **».,,,,-.,..,.,,,*..,....».,.  ^  * ...    .  ■ 

Mif^issippl  Ri%er  1  mile  above  Alton...-.,,-*-.,.*..... .  ..,^ ,.,^,-..           .  I 

MbHissippi  Rivet  \\\  Ilart^ird , . , , , .  * ^ * , ., .  fl 

Missouri  Rlvor  at  Bc*l!effmt4iine,. , ...,.,., ^,^ =    .  ^ 

Miflaiisippi  River  at  Chain  of  Rocks,  near  Illinois  shore. "5 

Mieei&piippi  River  at  Chain  f jf  Rocfei»  netir  Miii^iiri  shore . . .  ^ . . .  * . .  ' 

Miwispippi  River  at  intaki>  tower  * , * . , . , ....,,...  ' 

Rpeervnir  at  Chain  of  Roeke , ,..,,.,,., .,..,.,,,,„,.......,.. '• 

R(^er\^oir  at  Bisselta  Point. ,.,*.. ,. , , . , *.♦,.,,,,.. 

Laboratory  tap,  1143  Market  etrei^,  Bt,  Tjouis .,,.....,<* . . .. ,  M 

Tap  at  residence  5946  Cmrfteld  avenue.  St.  I/nii^ .  1 

V  Besides  the  above,  seven  iiamples  were  ctdlet^ted  from  lUiiioL'*  Ki« 
at  La^alle>  and  tw*eiity-four  at  Beardst^wu.  The^e  aample?^  werf  ^ 
to  Peoria, 

The  witness  explained  that  the  piir|)ose  of  taking  the  series  of  s«ifr 
pleif?  fmni  a  tap  on  Grtrfield  avenue,  St.  Loub;,  was  to  show  theditfe^ 
ence  in  the  condition  of  the  water  in  tlie  high  service  from  that  in  til 
low.  In  addition  to  the  seventy-hours  sedimentation  period  afforded 
by  the  reservoirs  at  Chain  of  Rocks,  the  water  diverted  to  tli*^  1"* 
service  had  the  benefit  of  further  storage  in  the  reservoirs  at  ^^^^ 
Point.  No  further  sedimentation  period  is  alforded  to  the  \^ 
service  after  leaving  Chain  of  Rocks,  but  tlie  effect  of  the  longdislanrr 
tniveled  by  the  water  in  the  mains  nmst  be  taken  into  ac^A)unt, 
Between  the  Chain  of  Rocks  reservoirs  ami  the  Garfield  avenue  tap, 
10  mile^  of  pipe  ijitervene,  6  mile^  of  this  lying  between  tfie  reserviirt 
and  the  Compton  Hill  standpipe,  and  4  miles  between  the  staudpip*  I 
and  the  Garfield  avenue  house. 

The  results  of  the  third  series  of  examinations  were  then  read  iii*o 
the  record  by  Dr.  Ha  void,  and  are  reported  on  pages  222-275,  inclo* 
sive.  Table  6  contains  the  weekly  averages  of  these  determinations, 
together  with  the  proportion  of  samplers  in  each  week  containing  Bad- 
lu8  coll  communis.  These  results  are  fairly  representative  of  the 
daily  figures  and  may  be  accepted  in  connection  with  all  interpreti- 
tions  necessary  to  this  testimony  without  important  error. 
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Table  6. — Weekly  averages  of  resxtUs  of  bacteriological  examinations,  September  14  to 
XotvTnber  SO,  1901,  on  samples  from  designated  points. 

Nombers  of  bacteria  expressed  In  thousands  per  cubic  centimeter;  of  B.  coli  communu  in  per  cent.] 


DespUunea 
River  above 
junction 
with  Chi- 
cago drain- 
age canal. 

Bear  Trap 

Illinois  and 
Michigan 
Canafat 

Ninth  Street 

Bridge, 

Lockport 

Desplaines 

Desplahies 

Desplaines 

Illinois 

dani.  Chi- 

River at 

River  at 

River  at 

River.  3 

Week 

begin- 

cago  drain- 
age canal, 
Lockport. 

Ninth  Street 

Bridge, 
Lockport. 

Ruby 
street, 
JoUet. 

Brandon's  |       miles 
bridge,     j      above 
JoUet.     1      Peoria 

1 

ning- 

i   B. 

1   B. 

i   B. 

B. 

B. 

B.               1   B. 

^^    Tm 

Bac-     J^iJ 

Bac  !^" 

Bac-    ^Ji 

Bac- 

coU 

Bac  ^JJ     Bac    ^" 

teria.    ^l"- 
mu- 

teria.    *^'"" 
^^^     mu- 

^^-- ^?: 

^^-'  Zt 

teria. 

com- 
mu- 

terta. ^™'l  teria   *^'°' 
**"*• ,  mu- 1  **"*•   mu- 

nis. 

nis. 

jnis. 

^nis. 

1 
1 

471 
317 

nis. 

100 
67 

{nis.  1 

nis. 

.^t21.. 

950      oO 
824  '    60 

496       50 
282       60 

344 
221 

52^28- 

1 

84       50 

100 

L74 

75 

Oct.5.... 

42.3  ,     26 

487       75 

665       50 

317 

25 

224 

100 

442     100 

.34 

86 

Oct.  11.. 

4.2  ;    40 

764  1     60 

1,077  1    33 

366 

25 

581 

83 

60       67 

1. 16  !     100 

Oct.  19... 

25.3  ;     60 

348     100 

532       33 

193 

100 

453 

100 

343       75  1      .27  1      86 

Oct.  25... 

1.7         0' 

371    

1,080  ' 

284 

25 

438 ; 

346 66  1      71 

Not.  2... 

4.2  ' 

533    

621    

249    

200 30        86 

Nov.  9... 

2.0    

495    

441    

274  j 

299    L6          86 

XoT.  16.. 

4.0    

3,429    

3,.572    

2,153  1 

210    3.2          71 

NoT.S.. 

4.2    

5,000 

6,000    

2,990  1 

1 

3,046     ....     3.6         100 

^lUinois 

Illinois 

above  Alton.  ^  foj^*"" 

Missouri 

River  above 
railroad 

River  at 
Kingston,  3 

Illinois 
River  above 

Mississippi 

River,  2  miles 

above 

Grafton. 

River  op- 
posite Fort 

Week 

bridge  at 
PeBn. 

miles  below 
Pekin. 

Grafton. 

Bellefon- 
taine. 

b««to- 



mng- 

1   B. 

B. 

B. 

B. 

B.  1 

B. 

B. 

Bac   '*^" 

Bac     ?SU 

Bac-     ^^ 

Bac  l^'" 

Bac- 

^^■''  Bac- 

coU 

Bac- 

coU 

^ria.   X" 

1  mu- 

teria    ^^' 
^"*-  Imu- 

teria. 

com- 
mu- 

teria. 

^™"  teria 
mu-   **""• 

com- 
mu- 

teria. 

com- 
mu- 

nis. 
ion 

nis. 

nis. 

nis. 

- 

nis. 

nis. 

nis. 

!^t.28.. 

36.5 

Oct.  5.... 

20.4      100 

387 

100 

1.4 

57 

0.82- 

29 

0.56 

100 

0.74     100 

11.1 

100 

Oct  12... 

202         100 

385 

100 

Ll 

57 

.79 

71 

.67 

100 

1.5       100 

3L8 

100 

Oct  19... 

81. 7      100 

221 

100 

2.1 

43 

.68 

0 

L6 

100 

2.6         86 

37.9 

71 

Oct.  26... 

9.2      n 

481         100 

2.6 

57 

.68  '    43 

L9 

100 

3.5        57 

33.6 

100 

Not.  2... 

5      :  100 

275      1    86 

7.1 

43 

1.2         43 

1 

60 

2.5        50 

2L7 

75 

Not.  9... 

7.0     100 

41         100 

1.8       14 

.99 

71 

L5 

86 

3.5    ,    71 

49.2 

86 

Noy.  m, . 

4.3     100 

21.1  1  100 

4.8  1    29 

2.7 

57 

1.5 

57 

1.5 

29 

30.4 

50 

Not.  23.. 

3.3    

''^^i 

'•'1 

5.3 

100 

2.2 

43 

4.9 

50 

53.3 

100 

Week 

Mississippi 

River  at 

Chain  of 

Rocks,  near 

Illinois 

shore. 

Mississippi 
River  at 
Chain  of 

Rocks,  near 

Missouri 

shore. 

Mississippi 
River  af 
intake 
tower. 
Chain  of 
Rocks. 

Reservoir 
at  Chain 
of  Rocks. 

i  B. 

Reservoir 

at  BlsseUs 

Point. 

Labora- 
tory tap, 
1141  Market 
street,  St. 
Louis. 

Tap  at  resi- 
dence, 6946 

Garfield 

avenue,  St. 

Louis. 

ninjt- 

B. 

B. 

B. 

B. 

B. 

B. 

Bwv    ^^ 

Bac- 

coU 

Bac- 

coli 

Bac-   ^^«_" 

Bac- 

^r!!    Bac- 

coll 

Bac  '  ^^" 

^^    mu-' 

teria. 

com- 
mu- 

teria. 

com- 
mu- 

teria. 

com- 
mu- 

teria. 

r:  terta. 

com- 
mu- 

^"*-  mu- 

nis. 

nis. 

nis. 

nis. 

nis. 

nis. 

nis. 

^.14.. 

0.50       67 
5.3         86 

Ll 
3.5 
4.3 

75 
67 
inn 

L8 
3.5 
4.7 

6.8 

50 
83 
83 

.83 

0.46 
L2 
2.2 

67 
83 
inn 

0.14 
.47 

1    0.61 

83  1       .34 

50 
100 

•*pt21.. 
^t  28. . 

1.9 
8.5 

83 
100 

.49       67  '      .42 
.67     100         .91 

67 
100 

Oct.!... 

7.7     100 

1.75  '  100 

0.31 

86 

^*ct.  12. 

2.1 

100 

10.5  :    86 

14.5 

86 

3.0       100 

.63       86         .94     100 

.38 

100 

Oct  19... 

2.7 

86 

33.1     100 

40 

86 

5.6       100 

L98     100       2.3       100 

.53 

100 

'JctaR... 

1.7 

100 

25.5     100 

34.9 

100 

7.4       100 

L4         86       1.9       100 

.40 

100 

^^^•2... 

3.2 

50 

17.0       75 

23.5 

75 

5.8 

100 

2.3       100       Ll 

43 

3.1 

100 

iov9.- 

2.4 

86 

40.9 

86 

45 

86 

7.1 

100 

2.8       100       2.5 

86 

3.9 

100 

N0T.I6.. 

Z2 

86 

52 

71 

53.7 

57 

10 

100 

2.6       100       3.2 

71 

2.9 

83 

Not.  a.. 

5.2 

71 

32.9 

100 

39.2 

86 

7.8 

71 

2.9        83  1    2.9 

80 

1 

100 
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Summing  up  the  results  of  the  tliird  period  of  examination, 
witue^ss  stated  the  percentage  of  samples  4akeu  at  the  various  j 
along  Mississippi  River  below  lUijiois  Kiver  iii  which  BaciBmi 
wmnmnia  was  found,  as  shown  in  Table  7.     {275-277*) 

Table  7. — Propo^luyfiof  ^ampU'sof  water  fro tti^  de^n^iU'd  poinds  In  M>fiifA  BtsrHlufi 
cGiKmunu  wofifousFid,  Sepltmb*^  to  NoimrAer^  I90S. 


BtmpiiiSPQiM. 

Sflplnmber. 

Oi^twr.     Mimntet^ 

WiRilMirppr  nivPT  m  Mtnn  ,     , , .  _ , 

100 

m.4 

B7 
»7 

97 

77 

lOMitslppL  Rivor  at  lUrtford,. ..  .„.„,, ,.„„,, 

fid 

tt 

ChAin  of  Rocks,  Mi^^ouri  shore,  ^_*.,,*i.-  ■^»..^-*.^^,., 

^'mi": 

m& 
74  0 

Ma 

Ohnftf  fif  Rnot«    ^^nni»  ahnm    _ 

77 

Ckftln  of  Kocks  tntaki!. .,..,.„._,..,„.,„.-, 

77 

Tup  iu  olddty  hah,  Bt.  LoaIs....,.„,^-,.,;v,.-.«-,i-. 

Discussing  the  percentage  of  the  removal  of  bacteria  per  cubic  c 
timeter  at  various  sampliiig  points  in  the  St.  Louis  water-^u]^ 
system,  the  mtness  gave  the  evidence  set  forth  in  Table  S.   (2! 

279.) 

Table  S. ^Percentage  of  retnoval  of  bad4T%a  p^  cuhk:  eenttmHtr  ai  vanom  * 
pmTiis  in  ihr  SL  Louiit  jvater-itnpphj  nyi^rm.  SepUmba"  to  N(>vfinht^,  I9nu  ti*'  iw* 
in  Mvinasippi  Rhttr  hnng  dtJtifffmtfd  <m  tfM)  per  cent. 


SampUng  point 


Chain  of  RocltB  rtmrfolt 
QlAselJji  I'oint 
Tap  in  old  city  h^Ll 
Tap  on  Garfield  av^aiM* 


In  discussing  further  the  number  of  bacteria  found  at  xhrm 
sampling  points  in  the  river,  the  witness  called  attention  to  thefiri 
that  the  average  number  of  bacteria  in  Mississippi  River  «fe^ 
Grafton^  as  shown  by  the  investigations  during  the  third  periotl.**' 
717  and  2,290  during  October  and  November,  respectively,  y^^^^'^ 
Illinois  River  above  Grafton  there  were  1,780  and  3,050  during t^ 
same  months,  showing  that  the  water  of  the  Dlinois  contaim^li* 
larger  numben     (279.) 

Doct€>r  Ravold  then  considered  the  results  of  the  investigatiofis ? 
the  bacterial  flora   and  testified  concerning  the  physical  and  ciito^ 
characteristics  of  the  various  bacteria  isolated  during  the  entire  m^ 
tigation.     The  characteristics  of  tlie   following  organisms  aw  ^ 
forth  in  volume  1  of  the  record,  pages  280-307,  inclusive : 
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Bacteria  discussed  by  Dr.  A.  N.  Ravold. 


Bacillus  albus. 

B.  aDtennifonuis. 

B.  aquatilis  sulcatus  I. 

B.  aquatilb  sulcatus  III. 

B.  aquatilis  sulcatus  V. 

B.  arborescens,  chromogenic,  orange. 

B.  aurescens. 

B.  aureus. 

B.  bnmneus. 

B.  candicans. 

B.  cloacse. 

B.  coli  communis. 

B.  delicatulus. 

B.  desidioeus. 

B.  fluoreecens  incognitis. 

B.  flnor€«cens  liquefaciens. 

B.  fluorescens  tenuis. 

B.  fluoreecens  termo. 

B.  fulvus. 

B.  belvolus. 

B.  hyalinus. 

B.  irideecens. 

B.  lactiviscosus. 

B.  lactis  erythrogenee. 

The  witness  gave  extended  definitions  of  bacteriological  terms  and 
a  somewhat  minute  description  of  general  methods  of  bacteriological 
procedure.     (307-312.) 

He  then  testified  concerning  microscopic  organisms  (algae,  etc.), 
describing  the  Sedgwick-Rafter  method  of  procedure,  and  stated  that 
two  series  of  examinations  had  been  made  according  to  this  method 
in  connection  with  the  investigations  carried  on  by  the  city  of  St. 
Louis.  He  further  stated  that  the  object  of  this  work  was  to  discover 
the  micro-organisms  connected  with  sewage  pollution,  and  also  to 
attempt  to  trace  the  forms  foimd  in  Lake  Michigan  water  which  are 
distinctive  from  those  existing  in  Illinois,  Mississippi,  and  Missouri 
rivers-  Two  sets  of  investigations  were  made — one  by  George  A. 
Johnson,  at  the  St.  Louis  laboratory,  and  one  by  George  C.  Whipple,  of 
Brooklyn,  N.  Y.  The  long  statement  which  Doctor  Ravold  then  made 
concerning  the  number  and  genera  of  the  organisms  found  in  the 
water  at  chosen  points  is  reproduced  in  condensed  form  in  Table  9. 
(312-351.) 


B.  liquefaciens. 

B.  liquidus. 

B.  megaterium. 

B.  mesentericus  vulgatus. . 

B.  nubilis. 

B.  ocraceus. 

B.  plicatus. 

B.  proteus  mirabilis. 

B.  proteus  zenkeri. 

B.  pyocyaneus. 

B.  rubefaciens,  chromogenic,  red. 

B.  stellatus. 

B.  subflavus. 

B.  subtilis. 

B.  subtilis  cereus. 

B.  superficialis. 

B.  ubiquitufl. 

B.  urese. 

B.  viridis. 

Micrococcus  cremoides. 

M.  flavus  liquefaciens. 

Sarcina  alba. 

S.  lutea. 
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POLLUTION   OP   BIVERS   BY   CHICAGO  SEWAGE. 


Table  9. — Number  of  micro-<Krgcmx9m*  found  in  water  at  detignaUd  points. 


Lake  Michigan. 

Drainage  canal  at  Bear 
Trap  dam. 

Faroilj  and  genus. 

4-mile 
crib. 

July 
23. 

Carter 
Harri- 
son 
crib. 

10     1  Lake 
miles      View 
out.       crib. 

2-mUe 
crib. 

June. 

July 
3a 

42 
12 

Au- 
gust 9. 

10 

Sep- 
tem- 
ber?. 

84 

4 

Sep. 
tem- 
berlS. 

27 

3. 

10. 

1 

17.    1 

1 

120 

25, 

Diatomaoese: 

Asterionella 

100 
19 

100 
16 

71 
8 

73 
2 

18 
1 

40 

Cyclotella 

Cymhelia 

14 

23    . 

30 

Diatoma 

33 
6 

65 

3 

12 

31 

1^ 

32 

22 
6 
4 

4 

Fragilaria 

Himantidium 

2 

1 

1 

Meridlon 

1 

6 

10 

Navlcula 

11 
60 

4 
93 

14 
86 



4 
23 

6 

7 

1 

NltzBchla 

47 

62 

1        1  1 

1           1  ' 

14 

StephanodiscuB 

Synedra 

680 
30 

400 
12 

290 
26 

100 

200 

313 
55 

116 
16 

101 
5 

180 
16 

96 

TabeUarIa 

3 

Cyanophyceee: 

Anabsena 

2 

Chroococcus 

3 

6 

4 

CoDiospheerium 

1 

Lyngl^ya 

, 

1 

4 

OscUlaria 

30 

20 



15 

15 

22 

2 

38 
1 

Chloropbyceee: 

ArChrodesraus. ..'. 

4 

Closterium 

1 

1 

1 

5 

1 

Eudorina 

1 
19 

Hydrodictyon 

12 

6 

Pandorina 

1 

3 
2 

I 

Pediastrum 

6 

9 

2 

12 

9 

1 

2 

Protococcus 

2 
17 

4 
7 

...... 

Raphidium *. 

4 
10 

1 
22 

16 

4 

4" 

4 
3 
4 
14 

Soenedesmus 

5 

SolroRvra 

1 
6 

1  . 

4 

10 

1 

IHotbrlx 

10 

6 

15 

2 
6 

11 

16 

4 

Sohisomycetes: 

Beggtatoa 

Crenothrix 

6 

3 

12 

1 

3 

6 

2 

Lcptolhrlx 

ProtoEoa: 

Amoeba 

2 
2 
25 
15 
6 

3i' 

6 
15 

6 
1 

14 
8 
9 

1 

23 

Cryptomonas 

Dinobryon 

2 

12 

6 
4 

19 

2 

1 

Glenodinium 

Monaa 

ParamiPcium 

32 
13 

19 

21           6 
14         12 
...... 

47 

3S 

Perldinluni 

10 

3 

Phacua 

12 
3 

'■'2 

0 

Protomonaa ' -  -  - 

8 

1 

4 
2 

Svnura 

2 

' 

4 

1 

19 

1 

Trachelomonas 

1 

Vortlcolla 

1 
'            4 

2 

1 
1 
4 

1 

* 

...*::::: j 

6 

Rotitera: 
Aniirfpa 

3 
2 
1 

1 

Polvarthra.  . 

1 

Rotifor 

2 

9 

1 

2   

1    

2 

Crustacea: 

Bosmina 

1 
3 

DApbnia 

Miacellanoouii 

25 

13 

1 
14 

1 

1 

17 

16 

27 

10 

14 

Total  organisms 

Total  genera 

1     1,117 
1         31 

1 

774 
26 

517 
23 

256 
19 

J 

472 

1          18 

681 
25 

394 
25 

270 

1  ** 

412 
21 

318 
25 
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Table  9. — Number  of  micro-organisms  found  in  water  at  designated  points — Continued. 


1 

Drainage  canal  at  Bear 
Trap  dam. 

J 

>esplai 

3. 

82 
6 

29 
8 

ines  River  at 

Joliet 
25. 

Family  and  genus.           t 

11.', 

July. 

August.    1 

34 
3 
17 
10 

Jime. 

July 

1 

20. 
6 

"io' 

30. 

128 

16 

....„ 

10. 

18. 

...... 

10.       17. 

96        38 
2 

1    ' 

11. 

Aaterionella 

Cydotella 

Diatoma 

"lmantWI«»ni     . 

10 

4 

32 

130 
3 
16 

138 

4 
6 

80 

1 
6 
2 

Merldion 

6 
^! 

30  : 

10 
6 

t\ 

2 
10 

7 

1 

Navicula 

6 
28 
40 
14 

14 

12 

220 

4 

2 

5 
40 
153 
6 

5 
12 
196 
42 

12 

19 

Nitxschia 

Synedra 

l^bellaria 

Cy»DOT)hyc8«:                          t 

4 
88 

"366" 
6 

34 

200 

12 

20 
90 

49 

290 

14 

60 
240 

4 

Coelos^isrium 

2 

Endonana 

::::::::::::::r::::: 





oSgUa-:;;::::;::::::: 

:;::::    2 

1         2 

3 

58 

3 
60 

1 ' 

1 

6 
2 

6 

10        19 

61 

75 

CUoropbycee: 

Aitbrodesmus 

1 

Oo«tpri»iin ,   . 



2 

1 

1 

2  ; 

DMDnidtnm             i 

, 

4 

Dictyosphsrlum 

1    ! 

1 

1 

Eodortna 

1 

1 
1 

2 

Hydrodjctyon 

4 

Puidorioa 

I 
7 
5 

"ie" 
2 
10 

Pfdlartnim. 

"'i' 

2 

6 

2 

5   

4    

2          1 

6    

1 

ProtococcQs 

Raphidlum 

fi^ptifdf  nnas      

2 

2 

4 

SoSSr :::: 

8 
10 

1 
6 
10 
8 

2 

20 

6 

8diiiomywte«: 

Beenatoa 

8 
12 

3 

Crenothrix 

3 

\""'' 

1 

Protoxoa: 
Chloromoiuw 

Monaa 

P&nunffiffiium r 

2 

4 

31 

6 

6 

4 

2 
7' 

27 
3 
2 

•? :::::: 

6 

12 

4 

•'•2 

2 
2 

Protomooaa 

2 

Syoara                

3 

VorticeUa 

2 
3 

...: 

2 
2 

4 
3 

3 

1 

1 

Rotifcra: 

Rotifer 

2 

2 

1 

Cnutaoea: 

Ds^nia 

1        1 
12 

1 

MuceUaneous 

6 

2 

7 

6 

!   22 

i4  ,      40 

'is 

33 

Total  organisms 

Total  genera        

182 
26 

147       284 
16         16 

514 
13 

323 

14 

358 

18 

1    508 
1      21 

408 
15 

242 
15 

644 
22 

542 
21 

30 
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Table  9. — Xumber  cf  miero-orgamsms  found  in  waUr  at  daignaUd  points — Continued. 


Funiljand 


27. 


Illinois  River  above  Peoria. 
June. 

1& 


la 


-I- 


25.    I 


July 
11. 


lilinois  River  above  GraftoiL 


May 

28. 


June. 


10.  '  18.     2S. 


I  July 

11. 


Diatomaoes: 

AsterioneUa 

Cydot^llft .  . 

41 

61 
8 
38 

186 

21 

94 

16 



120 

4 

18 
1 
7 

1 

43 

7 

8 
3 

30 
2 

Diatoma 

Himantidiiirn 

12 

6 

31 

' 

2 

2 

Melaaira 

-r-""  ^:   .  "" 

2 

'"u 

1 
"280* 



"i2* 
iio' 

"3' 
"22* 

Nnvfcnlft 

9 
6 

"27 



"31' 

12 
40 

"m 

2 
4 

2 

NitMchia 

Pleurosigma 

23 

6 
1 

Stepbanodiactu 







1 
46 

Synedra 71 

100 
12 

22 

96 

200 

153 
12 

170 

7>hpUiM^A 

Cyanophvoese: 

Ljmffbya .--  ---  -- 

1 
1 

1 

OdrHlaHa 

5 

16 
"2 

64 

1 

50 

28 

20 

4 

3 

1 



Chlorophycese: 

Arihrodesmus 

1 
6 

6 

Closterium 

1 

2 

1 

Conferva 

Eudorina 

2 



Hydrodictyon 

i 

Pand'x^na 

1 
12 

"is' 

12 
6 

1 

; 

Pediastnun 

...       19 
4 
14 
5 

29 
6 
9 

12 

6 
5 
6 
12 
....„ 

4 

'4 
2 

8 

4 

24 

19' 

4 


3 

* 

Protococcufl 

Soenedesmus 

10 
5 

6 
5 

7 
10 

Spirogyra 

3 

lliothrix 

30 

40 

'' 

9 

Zygnema 

Schizomycetes: 

Crenothrix 

1 
2 

8 

1 

ProtOBoa:                                            I 

Cryptomonaff .  .                           '          • 

1 
1 

Monas 

...       22 

12 

4 
2 

1 

3 
1 

12 
1 

6 

1 

2 

Paramsecium 

'1 

..... 

1 

Peridiniuin . . 



Protomonaa 

9 

6 
""3 

1 

""2 

2  ' 

Synara 

3 

1 

2   

4 
2 

..... 

4 

Vortlcella 

2j 

5 

Rotifera: 

Anuraea 

1 

4 

-,    * 

Polyarthra 

1 

Rotifer 

1 

1 

2 
2 

4 

2 

Crustacea: 

Cyclops 

2 
4 

2 

1 
12 

1 

2 

1 
43 

Daphnla 

1  "",  ""I !"' 

Miscellaneous 

8 

6 

2 

5 

4 

153 
10 

Total  organisms 

Total  genera 

..      251 

■i   " 

329 
19 

315 
18 

238 
,6 

533 
17 

422 

113 
20 

436 
15 

207 
8 

56 
11 

228 
15 
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Table  9. — Number  of  micro-organisms  found  in  water  at  designated  points — Continued. 


Familj  and  genus. 

Mississippi 

River  above 

Grafton. 

Mississi 

River  ab 

Alton 

ppi 
lOve 

July 
11. 

'      Mississippi 
River  at  Hart- 
ford. 

Mississippi 

River  at  Intake 

tower. 

«^^ 

June 
3. 

'sr 

M^, 

June 
3. 

May 
29. 

9 
4 
3 
6 
3 
2 
5 
19 
50 
12 

t 

4 

June 
3. 

14 
1 

^f 

«^^ 

June 
3. 

^r 

Diatomaoee: 

AsterioDella 

4 

39 
4 

12 
""2 

12 
4 

2 
8 

4 

60 

4 

21 

4 
2 

1 

16 

CydotellA 

2 

Cymbella 

2 
5 
2 

rHft^in« 

3 

12 

4 

4 

2 

ITiniftnti<iiuin . 

2 

Meridion 

4 
6 
9 
30 

7 

6 
8 
10 
41 
9 

6 

■   '32' 
40 

8 

""u 

24 
12 
6 

8 

Navicula 

2 

5 

220 



2 
15 
96 

6 

"so* 

60 

4 

4 

6 
12 
22 

4 

5 

11 

NiUschUt 

60 
49 

12 
230 

16 

grnedrm 

39 

iWtUria 

2       "6 

12 

Cyinophyoea: 

Ccelosphnriom 

2 

LvMf  bva 

2 
.    2 

4 
2 

oSKria.:::::::::::::::: 

2 

14 

2 

19 

1 

10 

10 

2 

1 
3 

20 

1 
3 
3 

16 
'"3* 

22 

Cbtorophfoese: 

Arurodesmos 

1 

Qofteriam 

1 

1 
2 
6 

il 

2 
6 

4 

""2 
2 

2 

Desmidiani 

1 

2 

THctyosphffTiuxn 

Hydrodictyon 

17 

4 
9 
3 

4 
1 
4 

3 

4 

PMiMtrmfi .  .  X     

17 

"'"5 

38 
4 

16 
5 

29 

11 
"12 

6 

"i2' 

4 

5 
19 

8 
10 

ie 
5 

26 

9 

3 

8 

16 

8 

14 

1 

Ulothrix 

12 

1 

22 

4 

2 

8 

Pn)t(ttoa: 

CrvTk  tnm  oniui 

3 

4 

1 
5 

""2 

Monu 

3 

10 

1 
2 

12 

1 

8 
■"3" 

3 

1 
3 

10 

12 

8 
2 
3 
2 

6 

1 
3 

12 

9 

PftraiDffKTiQin     

1 

Sjnora 

5 

9 

3 

Vart^llA 

Rotifer*: 
Amiraea 

1 

1 

RntiffT 

:::::::::: 

1 
6 

1 
2 

2 

3 

Viv^fflaBf'onff 

6  1       12  1        2 

5 

2 

7. 

11 

1 

2 

Total  organisms 

119       260      289 
17         14         12 

152 
24 

364 
14 

219 
15 

190 
25 

175 
15 

142 
24 

200       114 

18  i       14 

177 
22 

Witness  then  took  up  a  part  of  the  bacteriological  data  afforded 
by  the  investigations  of  the  year  1900  and  assembled  it  in  weekly 
srerages  of  the  daily  determinations  made.  (353-376.)  A  chart 
(Complainant's  Exhibit  No.  1)  was  presented,  showing  such  data  for: 

niinois  river  above  Grafton. 
Mississippi  River  above  Grafton. 
Mississippi  River  above  Alton. 
Mississippi  River  opposite  Hartford. 
Missouri  River  at  Fort  Bellefontaine. 
Chain  of  Rocks  near  Missouri  shore. 
^         Chain  of  Rocks  near  Illinois  shore. 
Chain  of  Rocks  at  intake  tower. 

The  information  in  this  chart  is  all  included  in  Table  4. 

The  witness  then  endeavored  to  show  that  the  bacteriological  data 
pre  positive  evidence  of  the  commingling  of  the  waters  of  Illinois  and 
Mississippi  rivers  at  the  St.  Louis  water  intake  at  Chain  of  Rocks.    His 
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observations  were  based  on  the  fact,  shown  by  a  comparison  of  num- 
bers of  bacteria  and  river  gage  heights,  observations  being  taken  coin- 
cidently,  that  whenever  there  is  a  rise  in  either  of  the  three  streams — 
Illinois,  Mississippi,  and  Missouri  rivers — there  is  a  coincident  rise  in 
the  number  of  bacteria,  and  it  appears  that  the  greater  the  rise  m 
water  level  the  greater  the  proportionate  number  of  bacteria.  This  was 
explained  by  stating  that  a  rise  in  either  of  these  streams  is  caused 
by  melting  snows  or  ice  or  by  great  precipitation,  both  of  which 
result  in  the  washing  into  the  rivers  of  lai^e  amounts  of  filth  and 
earth,  which  teem  with  bacteria.  The  witness  then  cited  a  case  which 
appeared  in  the  examination  series  beginning  January  23  and  ending 
October  9,  1900,  as  follows: 

Illinois  River  was  high  from  February  12  to  20, 1900  (dates  approxi- 
mate). At  that  time  the  Mississippi  was  low  and  covered  with  ice, 
as  was  also  the  Missouri.  A  thaw  occurred  in  the  whole  Illinois  River 
Valley,  with  resulting  flood.  The  bacteriological  examination  shows 
that  the  waters  of  Illinois  River  contain  enormous  numbers  of  bac- 
teria, while  those  of  the  Mississippi  above  the  mouth  of  the  Illinois 
and  of  the  Missouri  above  its  mouth  contain  a  comparatively  small 
amount.  During  the  two  weeks  beginning  February  13  and  20, 
respectively,  the  average  number  of  bacteria  per  cubic  centimeter  in 
Illinois  River  at  Grafton  was  257,600  and  221,800,  while  in  the  Missis- 
sippi above  Grafton  during  the  same  period  the  number  was  161,000 
and  105,500,  and  at  Fort  Belief ontaine,  on  Missouri  River,  the  number 
was  52,500  and  69,500.  As  a  result  of  the  intermingling  of  these 
waters,  the  number  of  bacteria  in  the  water  at  the  Chain  of  Rocks 
intake  was  133,500  and  112,000.  This,  in  the  opinion  of  the  witness, 
clearly  proved  that  Illinois  River  water  enters  the  intake.  Chart 
marked  Complainant's  Exhibit  No.  2  was  presented  to  support  this 
contention.  The  witness  called  attention  to  the  fact  that  during  the 
week  of  January  23  the  bacteria  in  Illinois  River  numbered  240,000, 
in  Missouri  River  155,000,  and  at  the  intake  150,000,  the  intake  water 
corresponding  very  closely  with  the  Missouri  water.  During  the 
week  of  January  30  the  number  of  bacteria  in  Mississippi  River  on 
the  Illinois  shore  was  150,000,  on  the  Missouri  shore  75,000,  and  at 
the  intake  130,000,  these  figures  being  taken  within  the  cross  section 
defined  by  the  Chain  of  Rocks  intake ;  and  the  contention  was  made 
that  the  figures  indicate  that  the  water  at  the  intake  was  during  that 
week  comprised  more  largely  of  Mississippi  River  water  than  of 
Missouri  River  water.     (376-381.) 

Several  charts  were  then  introduced,  and  were  designated  Com- 
plainant's Exhibits  Nos.  3  to  9,  inclusive  (382-404),  showing  weekly 
averages  of  the  daily  quantitative  determinations  of  the  number  of 
bacteria  per  cubic  centimeter  in  water  taken  from  Illinois  River  dur- 
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ing  1900,  together  with  the  stages  of  the  river  during  the  same  periods, 
at  the  following  points: 

Miasiflsippi  River  above  Grafton. 

Miasiasippi  ^iver  at  Alton. 

MiasisBippi  River  at  Hartford. 

^[ifisotui  River  at  Fort  Bellefontaine. 

Mississippi  River  at  Chain  of  Rocks  near  Missouri  shore. 

Mississippi  River  at  Chain  of  Rocks  near  Illinois  shore. 

Mississippi  River  at  Chain  of  Rocks,  intake  tower. 

These  charts  were  apparently  introduced  for  the  purpose  of  showing 
the  relationship  between  the  rise  and  fall  of  the  stream  and  the  num- 
ber of  bacteria  per  cubic  centimeter  found  in  the  water,  and  from  the 
evidence  presented  by  them  the  opinion  of  the  witness  was  that  coin- 
cident with  a  rise  in  the  river  there  is  always  an  increase  in  the 
number  of  bacteria,  while,  on  the  other  hand,  a  decrease  in  the  number 
of  bacteria  coincides  with  a  fall  in  the  river  gage  height.  It  was  fur- 
ther observed  that  during  steady  periods  in  the  stream  there  is  a 
constant  and  steady  decrease  in  the  number  of  bacteriai. 

Two  charts  were  then  introduced,  ultimately  marked  Complainant's 
Exhibits  Nos.  11  and  12,  for  the  purpose  of  showing  the  effect  of  the 
Chicago  drainage  canal  on  the  water  in  the  river  at  Peoria.  These 
charts,  which  are  not  reproduced,  contain  the  results  of  the  bac- 
teriological determinations  made  during  the  period  from  September 
to  November,  1901,  assembled  in  diagrammatic  form  for  the  following 
sunpling  points: 

Chicago  drainage  canal  at  Bear  Trap  dam,  Lockport. 
De^laines  River  at  Ruby  street,  Joliet. 
Desplaines  River  at  Brandon's  bridge,  Joliet. 
Illinois  River  3  miles  above  Peoria. 

Prom  an  examination  of  these  diagrams  the  witness  noted  an  enor- 
mous fluctuation  in  the  bacterial  content  at  the  Bear  Trap  dam,  the 
number  varying  from  25,000  to  7,200,000  per  cubic  centimeter.  The 
variations  are  relatively  as  great  and  are  practically  synchronous  at 
the  three  lower  sampling  points.  The  record  of  river  stages  at  Peoria 
indicates  that  the  river  was  steady  during  this  period  to  an  extraor- 
dinary degree;  in  fact,  the  greatest  change  in  the  river  levels  during 
any  one  period  of  twenty-four  hours  was  0.2  foot,  and  the  entire 
Tariation  from  beginning  to  end  of  the  period  was  0.6  foot.  It  was 
claimed  by  Doctor  Ravold  that  this  is  unimpeachable  testimony  con- 
cerning the  effect  of  the  Chicago  drainage  canal  on  the  river  at  Peoria. 
The  great  diversity  in  the  number  of  bacteria  in  the  water,  along  with 
the  extraordinary  steadiness  in  the  river  stage,  taken  in  conjunction 
with  the  observed  fact  that  in  Desplaines  River  above  Bear  TVap  dam 
comparatively  small  numbers  of  bacteria  were  found,  could,  in  the 
not  194—07 3 
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opinion  of  the  witness,  be  accounted  for  in  no  other  way  than  by  the 
entrance  of  sewage  from  the  Chicago  drainage  canal.     (449-460.) 

The  witness  then  introduced  another  chart,  showing  the  results  of 
daily  quantitative  determinations  of  bacteria  and  the  daily  stages  in 
Illinois  River  from  October  1  to  November  27,  1901,  at  Grafton,  163 
miles  below  Peoria  by  river.  He  stated  that  the  greatest  number  of 
bacteria  per  cubic  centimeter  occurred  November  17;  that  while  there 
was  a  slight  rise  in  the  river  on  that  date  it  was  not  as  high  as  it  had 
been  from  October  21  to  30,  when  the  number  of  bacteria  had  been 
comparatively  low.  No  further  attempt  was  made  by.  the  witness  ta 
discuss  these  results,  although  it  is  clear  from  a  reading  of  his  state- 
ments that  he  inferred  that  such  results  lead  to  the  belief  that  the 
great  mass  of  bacteria  were  due  to  artificial  contamination  rather  than 
to  an}^  natural  causes,  and  therefore  were  presumably  contributed  bj 
the  drainage  canal. 

The  witness  then  outlined  the  residts  of  a  series  of  experiments 
made  to  determine  the  longevity  of  BdcUlus  typhosus  in  aterilized 
distilled  water  and  in  steriUzed  water  from  chosen  points  in  Mississippi 
and  Illinois  rivers.  These  residts  are  set  forth  in  condensed  form  ii 
Table  10.     (468-470.) 

Table  10. — Longevity^  in  days,  of  Bacillus  typhosus  in  sterilized  water  under  varum 

conditions. 


Source  of  water. 


Distilled 

Mississippi  River  above  Grafton 

Drainage  canal  at  Lockport 

Missouri  River  at  Fort  Belief  on  talne 
Mississippi  River  at  Chain  of  Rocks. 


Cultures  In  dark- 
ness at  10"  C. 


Cultuw«indark-    ^iJiS!S£.SSf 
n««r  At  ono  r  Window  lacm? 

nesc  at  jit  i..       ^^^  ^^  sumnwT. 


25 


C. 


22  i 

40  1. 
22  ' 
67  |. 
34 


22i 
"5A\ 


c.  1 

A. 

B. 

r. 

30 

22 

25 
45 

31 

4i 

57 

40 

23 

54 

46 

a 

A  second  series  of  tests  on  the  longevity  of  Bacillus  typhosus,  made 
to  determine  the  length  of  time  in  which  the  bacillus  persists  in  liv^ 
water,  was  then  described.  Samples  of  \vater  were  collected  at  vari- 
ous times  from  Chicago  River,  the  drainage  canal  at  Lockport,  Illinois 
River  at  Peoria,  and  Mississippi  River  at  the  Chain  of  Rocks  intake. 
Then  200  c.  c.  of  each  of  these  samples  were  poxu^d  into  sterilized 
Erlemeyer  flasks  and  carefully  stoppered.  Some  flasks  were  exposed 
to  sunlight  by  placing  them  upon  a  shelf  in  a  window  facing  the 
south,  where  the  direct  rays  of  the  sun  impinged  on  them  from  10.45 
a.  m.  to  2.15  p.  m.,  the  total  average  time  of  exposure  daily  being 
about  three  hours.  Others  were  kept  in  cold  storage.  The  results 
were  as  sho^ii  in  Table  1 1.     (470  477.) 
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Table  11. — Longevity,  in  days,  of  Bacillus  typhosus  in  water  from  various  sources. 


Sampling  point. 


Length  of  life  in— 


Sunlight  J  5«Wf- 


Chicsco  River  at  Adams  street 4       |  5.5 

Drainage  canal  at  Western  avenue,  Chicago '  6  7.6 

Drainage  canal  at  Lockport i  4.75  j         10.66 

Drainage  canal  above  controlling  works,  Lockport * 9 

Drainage  canal  at  Jackson  street,  Joliet :  9 

JUisois  River  above  Peoria I  7.66 

Illinois  River  at  Pekin 7 


Laboratorv  tap,  St.  Louis 7 

rbirago  Rrver  at  Adams  street  (sterilized  water) 16 

Drainage  canal  at  Lockport  (sterilized  water) . 


13 

11.5 

15 

12 


23 


The  witness  then  discussed  the  results  of  other  tests  during  June, 
'Tilly,  and  August,  1900.  Sterilized  distilled  water  at  10°  C,  culture  A 
thirty-three  days,  B  thirty-five  days,  C  thirty-one  days;  sterilized 
Mississippi  water,  Grafton,  culture  A  fifty-five  days,  B  fifty-two  days, 
C  fifty-seven  daj^s;  sterilized  Missouri  water,  Fort  Belief  on  taine,  cult- 
ure A  fifty-five  days,  B  sixty-two  days,  C  sixty-five  days;  sterilized 
Illinois  River  water,  Ixx>kport,  culture  A  forty-four  days,  B  fifty- 
eight  days,  C  tliirty-one  days;  sterilized  Mississippi  water,  intake,  cult- 
ure A  fifty-one  days,  B  fifty-four  days,  C  fifty-two  days.     (477-478.) 

Testifying  further,  the  witness  stated  that  it  was  impossible  to 
obtain  in  laboratory  experiments  the  conditions  which  prevail  in  a 
running  stream;  but  inasmuch  as  the  laboratory  conditions  are  more 
unfavorable  to  the  longevity  of  typhoid  bacilli  than  the  stream  con- 
ditions the  results  of  laboratory  experiments  are  conservative.  He 
said  that  it  had  never  been  determined  how  long  bacteria  survive  in 
a  running  stream.     (478-480.) 

In  reply  to  questions  concerning  the  population  tributary  to  the 
Illinois  River  system,  and  the  Chicago  drainage  canal,  the  amount  of 
sewage  derived  from  the  population  and  the  effect  thereof  on  the 
streams  involved,  Doctor  Ravold  testified  as  follows: 

The  sewage  of  upward  of  2,000,000  people  enters  the  Chicago 
drainage  canal  above  the  controlling  works  at  Lockport.  Determina- 
tions made  by  the  witness  and  confirmed  by  the  work  of  other  inves- 
lii^ators  reveal  the  fact  that  from  3  to  6  ounces,  dry  weight,  of  fecal 
matter  and  40  oimces  of  urine  are  voided  each  day  by  the  normal 
human  being.  A  calculation  based  on  3  ounces  of  soUd  matter  and 
40  ounces  of  Uquid  per  capita,  and  2,000,000  as  the  population  tribu- 
tary to  the  Chicago  drainage  canal,  would  give  a  total  excretion  of 
1S7}  tons  of  fecal  matter  and  670,000  gallons  of  urine  per  day.  It  is 
eommonly  assumed  that  the  amount  of  sewage  in  a  city  is  fairly 
represented  by  the  amount  of  water  consumed.  The  water  con- 
sumption in  Chicago  being  placed  at  150  gallons  per  capita  per  day, 
the  total  daily  sewage  discharge  would  be  360,000,000  [300,000,000?] 
gaUons.      (767-769.) 
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Doctor  Ravold  then  calculated  the  percentage  of  sewage  to  watei 
in  thf  Chicago  drainage  canal  at  the  controlling  woriLS.  The  maxi- 
mum discharge  over  the  controlling  dam  being  300,000  cubic  feet 
per  minute,  the  proportion  of  sewage  to  pure  lake  water  would  be  1 
to  9.  The  effect  of  all  this  contamination  was  to  render  the  water  at 
the  controlling  works  extremely  foul,  and  the  results  of  the  bacterio- 
logical examinations  which  he  had  presented  were  sufficient  to  sub 
stantiate  this  statement.  One  of  the  observers  employed  by  the  cit} 
of  St.  Louis  had  seen  500  dead  fish  pass  over  the  controlling  dam  in  f 
period  of  ten  minute^.     (769-770.) 

With  reference  to  the  city  of  Peoria,  the  witness  stated  that  i 
calculation  based  on  a  population  of  56,100,  as  given  by  the  census  oi 
1900 y  the  minimum  flow  of  niinois  River  past  Peoria  of  1,200  cubit 
feet  per  second,  and  a  sewage  outfall  at  Peoria  proportional  to  thai 
of  Chicago,  namely,  150  gallons  per  capita  per  day,  would  give  the  pro 
portion  of  sewage  to  water  1  to  92  at  the  low-river  stage.  The  witnes 
stated  that  if  the  300,000  cubic  feet  per  second  added  by  the  Chicago 
drainage  canal  were  unpolluted  lake  water  the  dilution  of  sewage  a 
Peoria  would  be  1  to  413,  which,  in  his  opinion,  would  reduce  to  i 
minimum  the  danger  from  Peoria  pollution  to  the  places  below,  sue] 
as  Grafton.     (772-773.) 

Doctor  Ravold  then  gave  facts  concerning  the  population  in  thi 
drainage  basin  of  Illinois  River  and  the  sanitary  district  of  Chicagc 
giving  credit  for  the  data  to  Lyman  E.  Cooley  and  Jacob  A.  Hannai 
The  information  is  summarized  in  Table  12.     (774-776.) 

Table  12. — Population  of  IlHnois  R\v€r  draxnagt  basin. 


Flow. 

1 

t 

Urfaftn. 

Popolatton. 

Rural. 

Total. 

IVM>laitH>»  River 

Second-feet. 

32.77 
509.24  ' 
329.95 
4.00. 

20,354 

5.344 

36.097 

72.763 

17,543 

5.247 

19.619 

103. 7» 

12,739 

9.156 

45.247 
10,890 

140.441 
89,880 
43.257 
30,106 
55,42s 

177,638 
H280 
32,296 
8,823 

184,877 

75.9 

I>iifMp>  Ri v^r 

16.2 

Ka r,  KA kf^  River 

170.1 

Fox  Kiwr 

162.  fl 

\Vrui;;.on  Riv^r 

60.8 

M  i«^  k:r.a w  River 

3S  a 

Hf<>r)r.  Kiver 

87.76  ' 
372.30 

76.0 

>^<ir.ir »mon  River .         . 

381  3 

C  rr ^ (k'^l  Cn-^k 

57.0 

Md^ r»r jptn  Cn^'k 

Mi  K*-.*  rn-rk 

1 

41,4 

8.8 

ir.ro>  Riv^ri 

135,1.9 
1,800,000 

330C 

banitAry  district  of  ChiCAgo 

1 

l,800,fl 

•  Not  including  drainage  canal. 

Taking  up  the  sources  of  pollution  along  Mississippi  River  belo 
IlJinr)is  River,  the  witness  stated  that  Alton  had  a  population  • 
15,fH)f).  The  sewa^  from  this  city  is  discharged  into  the  Mississip 
by  five  main  outlets,  three  of  which  empty  into  the  river  behin 
dikes,  which  effectually  check  that  portion  of  the  sewage  from  becoD 
ing  mixed  at  once  with  the  waters  of  the  river.     (776.) 
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He  then  summarized  the  bacteriological  evidence  with  reference  to 
sampling  stations  maintained  above  Alton  and  at  Hartford,  a  few 
miles  below  Alton,  the  results  of  which  are  given  in  Table  13.  (778- 
778.) 

Table  13. — Monthly  averages  of  quantitative  bacteriological  determinations  of  Mississippi 
River  water  1  mile  abw>e  AlUm  and  opposite  Hartford^  and  percentage  of  samples  in 
icAmA  Bacillus  coli  communis  was  found. 


Month. 


1900. 

laDOAiy 

February 

Mairh 

April 

»«»y 

June 

Ja*r 

August 

S^tember 

October 

IfiOl. 

Octobw 

Novipmber 


Alton. 

Bacteria 

Per  cent 

per  cubic 

of  B.  coli 

centi- 

com- 

meter. 

munis. 

118.800 

14 

192.500 

17 

]ti2.800 

51 

29.400 

39 

10,300 

54 

8.200 

(10 

7,700 

52 

2,400 

88 

2.600 

90 

2,100 

100 

1,137 

100 

.,»« 

77 

Hartford. 


Bacteria  Per  cent 

per  cubic  'of  B.coli 

centi-  •  com- 

meter.  munia. 


90,600 

190.600 

208,300 

29,700 

12,800 

5,800 

61.000 

2,100 

2,800 

2,400 

2,141 
3.000 


17 
50 
52 
41 
86 
61 
55 
80 
93 
100 

8a4 

56 


Taking  up  the  consideration  of  this  evidence,  the  witness  stated  that 
if  it  is  assumed  that  the  whole  sewage  of  Alton  becomes  mixed  with 
the  water  of  the  Mississippi  at  once  and  is  carried  directly  toward 
Hartford  with  a  minimum  flow  of  25,000  cubic  feet  per  second  in  the 
river,  it  will  be  seen  that  the  Alton  sewage,  representing  15,000  people, 
is  diluted  over  70,000  times;  in  fact,  the  results  in  Table  13  above 
indicate  that  the  sewage  is  so  largely  disposed  of  by  dilution  that  the 
bacteriological  results  at  Alton  and  Hartford  show  no  difference. 
From  the  evidence  thus  presented,  the  witness  asserted  that  it  was 
his  expert  opinion  that  *'  the  sewage  of  the  city  of  Alton  has  no  effect 
on  the  sanitary  condition  of  the  Mississippi  River  water  at  Hartford.*' 
(778-779.) 

Doctor  Ravold  then  proceeded  to  a  discussion  of  the  work  per- 
formed by  him  with  reference  to  BaciUus  prodigioms  and  its 
longevity  when  placed  in  the  waters  of  Mississippi  and  Illinois  rivers. 
Inasmuch  as  the  testimony  created  considerable  comment  at  the  time 
and  was  brought  out  by  the  witness  as  a  strategic  move  of  great  import- 
ance to  the  plaintiff's  case,  it  will  be  given  nearly  in  full.    (779-787.) 

The  Bacillus  prodigiosus  is  a  micro-organism  discovered  by  Ehren- 
berg.  It  is  a  trifle  larger  than  the  typhoid  bacillus  and  is  nonspore 
forming  and  nonpathogenic.  The  name  was  derived  from  the  fact 
that  in  European  countries  the  host  in  the  chalice  of  Catholic  churches 
has  a  red  growth  upon  it  which  in  early  times  was  declared  to  be  the 
Mood  of  Christ.     This  red  growth  was  investigated  and  found  to  be 


38  POLLUTION   OF  KIVERS  BY  CHICAGO  SEWAGE. 

in  one  case  a  micro-organism  which  produces  within  its  cell  a  red  pig- 
ment. This  is  the  legend  connected  with  the  name,  and  it  was  called 
therefore  -B.  prodiffiosus.  It  has  been  very  rarely  found  in  the  waters 
of  America  and  apparently  is  not  a  germ  which  is  domestic  to  this 
country,  although  it  is  said  that  in  Europe  and  in  Egypt  it  is  found 
abundantly  in  surface  waters.  It  grows  very  freely  on  the  ordinar}^ 
culture  media,  and  its  behavior  and  appearance  are  so  characteristic 
that  it  is  easily  identified. 

In  the  investigation  made  by  the  witness,  beginning  in  August,  1899, 
and  extending  to  August,  1900,  every  sample  of  water  that  was 
received  was  examined  for  distinctive  bacilli,  but  J5.  prodigiosus  was 
never  found.  Throughout  the  examinations  it  never  appeared  in  over 
10,000  samples  of  water  from  Lake  Michigan,  the  drainage  canal,  Mis- 
sissippi and  Illinois  rivers,  except  when  it  was  placed  there  by  the  St. 
Louis  investigators.  It  was  therefore  concluded  that  J5.  prodiffiosus 
was  not  a  normal  inhabitant  of  the  streams  under  investigation  and 
that  it  was  rarely,  if  ever,  present. 

In  August,  1900,  the  witness  prepared  a  40-gallon  barrel  full  of  a 
broth  culture  of  B.  prodigiosus.  The  barrel  was  first  sterilized  with 
steam  heat  and  was  then  filled  with  boiling  hot  water  and  allowed  to 
stand  until  cool,  but  while  the  water  was  boiling  hot  1  poimd  of  steril- 
ized Liebig's  beef  extract  was  mixed  into  it.  After  two  or  three  days 
when  the  water  was  sufficiently  cool,  a  large  number  of  B,  prodigiosus 
in  a  broth  culture  were  placed  in  it.  This  particular  culture  of  B. 
prodigiosus  came  from  Europe  and  was  given  to  the  witness  by  Dr. 
Ludwig  Bremer  several  years  previous.  The  barrel  culture  was 
allowed  to  develop  until  it  was  foimd  that  each  cubic  centimeter  of  the 
broth  contained  over  1,000.000,000  bacilli.  August  31, 1900,  this  bar- 
rel of  prodigiosus  broth  was  emptied  into  the  Mississippi  just  below 
the  mouth  of  Illinois  River.  September  3,  four  days  later,  the  organ- 
ism was  found  in  a  sample  collected  in  the  channel  of  the  river  above 
Alton,  but  at  no  other  place.  September  20  the  experiment  was 
repeated.  A  barrel  containing  40  gallons  of  the  same  culture  was 
emptied  at  the  same  point,  and  September  23  the  organism  was  found 
in  a  sample  collected  near  the  Illinois  shore  of  the  Mississippi  at  Chain 
of  Rocks.  October  18  the  bacterium  was  again  found  in  a  sample  col- 
lected from  the  laboratory  tap  at  the  old  city  hall,  St.  Louis,  and  Octo- 
ber 24  in  a  sample  collected  near  the  Illinois  shore  of  the  Mississippi 
at  Chain  of  Rocks. 

Preparations  were  then  made  for  an  extensive  experiment  which  it 
was  believed  would  be  conclusive.  The  object  was  to  empty  into  the 
Chicago  drainage  canal  a  large  quantity  of  BaciUus  prodigiosus  and  to 
identify  it,  if  possible,  along  Illinois  River  and  even  to  the  St.  Louis 
intake.  The  witness  made  the  following  preliminary  statement:  ''I 
must  say  that  in  the  first  place  I  needed  a  courageous  man  to  do  this 
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thing — a  very  powerful  man— and  I  didn^t  know  where  to  look  for  him 
except  in  a  brother  of  mine  whom  I  brought  up  from  Arizona;  he 
knows  a  thing  or  two  about  taking  care  of  himself  and  is  physically  a 
powerful  man."  November  6,  1901,  '*in  spite  of  the  active  vigilance 
of  the  police/'  E.  J.  Ravold  successfully  emptied  into  the  drainage 
canal  at  Lemont,  8  miles  above  the  Bear  Trap  dam,  107  barrels  of 
prodigiosus  broth,  which  contained  40  gallons  each.  There  were  over 
1,000,000,000  bacilli  per  cubic  centimeter  in  each  of  these  barrels. 

All  the  laboratories  along  the  river  were  notified  and  samples  were 
collected  every  hour  of  the  day  and  night  at  the  Bear  Trap  dam,  in  the 
drainage  canal;  at  Joliet,  Peoria,  and  Grafton  on  Illinois  River;  and 
at  the  intake  of  the  St.  Louis  waterworks  at  Chain  of  Rocks.  The 
bacillus  was  not  found  by  Dr.  W.  C.  G.  Kirchner,  stationed  at  Joliet. 
It  was  found  at  the  St.  Louis  laboratory  in  a  sample  collected  by  Mr. 
Werner  at  the  intake  tower.  Chain  of  Rocks,  at  8.45  a.  m.,  December 
4,  and  again  on  the  5th,  in  the  sample  collected  at  9  a.  m.  It  was 
found  December  6  in  a  sample  collected  by  Mr.  Homer  from  Illinois 
River  above  Grafton  at  8  a.  m.,  and  again  in  a  sample  taken  from  the 
same  point  at  midnight,  December  7.     (779-784.) 

Doctor  Ravold  then  described  experiments  made  to  determine  the 
longevity  of  BaciUus  prodigiosuSy  the  results  of  which  are  set  forth  in 
Table  4.*    (785.) 

Table  14. — Longevity  of  Bacillus  prodigiosus  in  water  under  different  conditions. 


Source  of  water. 


Uboratorytapa 

Drainage  canal  above  Lockpon 

Deq>]aiiie8  River  at  Joliet 

Cbicago  River  at  Adams  street 

Drainage  canal  at  Lockport 

Derolafties  River  at  Jolfet 

Draina^  canal  at  Western  avenue,  Chicago.     

Illinois  River  at  Pekin  bridge No.. 


steril- 
ized. 


Yes... 

No.... 

No.... 

Yes... 

No.... 

No 

No 


Place  kept. 


Open  air 

Window 

do 

do 

Relrigerator. . 

do 

do 

do 


Duration 
of  sun- 
light. 

Hours. 

9.5 

3 

3 

3 
Dark. 
Dark. 
Dark. 
Dark. 


Temper- 
ature. 


Lon- 
gevity. 


Dayn. 

2 

10 

7 

11 

32 

t41 

31 

t53 


a  Suspended  on  cord,  8  feet  from  south  wall  of  laboratory  building. 

Comparing  the  above  results  with  similar  tests  made  on  the  bacillus 
of  typhoid,  which  are  outlined  in  previous  pages,  Doctor  Ravold  con- 
cluded as  follows: 

With  these  micro-organisms  side  by  side,  comparative  estimates 
were  made  of  the  longevity  of  Bacillus  typhosus  and  B,  prodigiosus  in 
separate  samples  of  water,  collected  at  the  same  time  and  place,  and 
kept  under  the  same  conditions  as  to  temperature,  sunlight,  and 
darkness.  B.  prodigiosus  in  sunlight,  in  living  waters,  that  is,  non- 
sterilized  waters,  lived  from  two  to  ten  days;  B.  typhosus  in  sunlight 
and  in  Uving  waters  lived  from  twenty-four  hours  to  ten  days.  B, 
frodigiosus  lived  in  the  dark,  in  living  waters,  from  thirty  to  fifty 
dajrs  and  was  still  aUve  when  the  experiments  ceased;  B,  typhosus 
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under  like  conditions  lived  from  twenty-four  hours  to  twenty-one 
days,  showing  that  B,  prodigiostLS  is  an  oi^anism  which  closely  resem- 
bles B.  typhosus  in  its  power  to  resist  unfavorable  surroundings. 

As  a  result  of  these  experiments  the  witness  declared  it  to  be 
highly  probable  that  a  typhoid  bacillus  can  be  carried  in  its  virulent 
condition  from  the  Chicago  sewers,  by  way  of  the  drainage  canal  and 
Illinois  River,  into  the  St.  Louis  water  intake,  especially  during  high- 
water  conditions.     (788) 

Continuing,,  the  witness,  testified  that  it  was  impossible  to  deter- 
mine the  absolute  longevity  of  the  typhoid  bacillus  in  running  wat^, 
because  the  conditions  which  prevail  in  a  running  stream  can  not  be 
reproduced  in  laboratory  experiments.  In  stagnant  waters,  such  as 
are  kept  under  observation  in  laboratory  experiments,  the  water 
bacilli  destroy  the  life  of  the  typhoid  bacilli.  If  typhoid  baciUi  are 
placed  in  foul  water,  such  as  that  taken  from  the  Chicago  drainage 
canal,  the  water  bacilli  increase  enormously,  but  the  typhoid  bacilli 
do  not  increase.  The  destructive  action  of  the  water  bacillus  on 
organic  matter,  both  solid  and  liquid,  in  water  results  in  the  pro- 
duction of  poisons  which  act  deleteriously  on  both  the  water  bacillus 
itself  and  the  pathogenic  organisms  in  the  water,  so  that  in  labora- 
tory experiments  bacilli  die  much  more  quickly  in  living  water  than 
they  do  in  water  which  has  been  sterilized-  In  streams,  however, 
the  typhoid  bacilli,  which  are  motile,  can  move  out  of  the  influence 
of  these  poisons  and  thus  prolong  their  life.     (790-791) 

In  response  to  a  series  of  questions  concerning,  the  probability  of 
destruction  of  bacteria  by  sunlight  in  streams,  the  witness  stated 
that  the  assumption  that  bacteria  were  destroyed  in  a  few  hours  by 
this  cause  is  unfounded,  although  there  is  no  doubt  that  the  effect  of 
simlight  is  detrimental.  Practically,  this  effect  depends  on  the  char- 
acter of  the  stream  and  especially  the  turbidity  of  the  water  and  the 
depth  to  which  it  will  admit  the  sun's  rays.  A  turbid  water  will  pro- 
tect bacteria  from  the  sun;  in  the  Illinois,  for  example,  the  effect 
of  the  sun  would  be  dissipated  in  a  depth  of  less  than  1  foot.  It 
was  then  brought  out,  by  leading  questions  of  counsel,  that  in  the 
opinion  of  the  witness  the  bacteria  are  endowed  with  instincts  of 
self-preservation  and,  being  motile,  can  escape  from  adverse  condi- 
tions in  the  water.  In  case  the  sun's  rays  are  detrimental,  they  can 
go  deeper  into  the  water,  and  if  they  enter  strata  of  water  having  a 
greater  velocity  than  at  the  surface  or  at  the  bottom  of  the  stream, 
they  will  be  carried  downstream  at  a  faster  rate,  to  the  increased 
detriment  of  municipalities  along  the  lower  reaches  of  the  stream 
which  take  their  supply  from  it.     (797-799) 

The  witness  then  asserted  that  in  his  opinion  the  bacteriological 
experiments  indicate  that  bacteria  discharged  by  the  drainage  canal, 
especially  in  high-river  stages,  are  carried  into  Mississippi  River  by 
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way  of  Illinois  River  and  enter  the  intake  of  the  St.  Louis  water- 
WOTks.  Bacteriologically,  the  water  of  the  Mississippi  at  the  St.  Louis 
intake  is  impure  and  unfit  for  human  consumption.     (799-803) 

The  witness  then  sought  to  justify  his  conclusions  taken  from  his 
experimental  work  on  longevity  of  the  typhoid  bacillus  as  follows: 

BadUus  typhosus  will  survive  in  sterilized  distilled  water,  or  water 
containing  no  food  supply,  "a  great  number  of  days.^'  In  sterilized 
river  water  containing  no  water  bacteria,  but  retaining  the  food  supply 
and  many  of  the  toxins  produced  by  bacterial  life,  they  will  live  "a 
great  number  of  days,"  experiments  having  shown  that  at  the  end  of 
sixty-five  days  they  were  still  alive.  In  unsterilized  river  waters,  or 
"living  waters,"  in  fiasks  sown  with  typhoid  the  water  bacteria  increase 
enormously  either  in  the  sunshine  or  in  the  dark  refrigerator  at  16°  C, 
up  to  a  point  at  which  they  have  apparently  exceeded  the  food  supply 
and — what  is  more  important — have  produced  toxins  which  injure  or 
actually  destroy  the  other  bacteria.  Nevertheless,  in  the  experiments 
of  the  witness  the  typhoid  bacillus  lived  under  these  identical  condi- 
tions a  maximum  period  of  twenty-one  days.  Several  theories  which 
have  been  promidgated  to  accoimt  for  the  disappearance  of  bacteria 
in  living  waters  were  then  explained.  First,  the  plankton,  or  the 
lower  forms  of  animal  and  vegetable  life  which  inhabit  waters,  are 
said  to  feed  on  bacteria.  This,  according  to  the  witness,  is  not  sub- 
stantiated by  any  scientific  proof.  The  second  theory  assumes  the 
absorption  of  food  supply  by  the  associated  bacteria.  The  witness 
believes  this  to  be  unimportant,  because  of  the  fact  that,  as  experi- 
ments show,  the  t3rphoid  bacillus  lives  for  "a  great  number  of  days" 
in  distilled  water.  Third,  the  toxins  produced  by  the  associated  bac- 
tma  have  a  destructive  action  on  the  typhoid  bacilli.  Now,  in 
streams  where  water  is  in  constant  motion,  carrying  away  the  toxins 
produced,  and  where  the  food  supply  is  abundant  and  the  bacteria 
per  cubic  centimeter  less  numerous,  the  typhoid  bacillus  can  swim 
away  from  "uncomfortable  surroimdings."  It  woidd  therefore  seem 
that  the  conditions  which  prolong  the  life  of  the  typhoid  bacillus 
vould  act  more  favorably  in  a  running  stream  than  in  the  stagnant 
wato"  of  a  laboratory  flask.  Therefore,  in  the  opinion  of  the  \vitness, 
conclusions  based  on  laboratory  experiments  err,  if  at  all,  on  the  side 
of  safety.     (804-807.) 

The  laboratory  experiments  indicate  that  bacteria  would  live  from 
four  to  twenty-one  days  in  the  various  streams  connecting  the  Chicago 
drainage  canal  with  the  Mississippi  at  St.  Louis.  If,  however,  the 
more  favorable  conditions  in  the  running  streams  were  taken  into 
consi<leration,  a  conservative  estimate  of  the  longevity  would  be  from 
fifteen  to  thirty  days.  Assuming,  then,  that  the  time  consumed  in 
traveling  from  Chicago  to  the  St.  Louis  intake  would  be  seventeen 
days,  and  allowing  three  days  more  for  storage  at  St.  Louis  and  final 
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distribution,  the  witness  regariied  it  aa  highly  probable  !hat  tjpfc 
organisms  \v'ou1d  be  delivered  to  the  consumer  in  a  condition  i 
ciently  virulent  to  cause  disease  in  a  susceptible  indivlduai    i 
SOS.)  ^ 

/Vfter  discussing  the  various  factors  which  cause  the  disappeanu 
of  bacteria  iii  running  water^ namely,  aeration,  dilution,  sunlis! 
seili mentation,    tlisappearance   of   food   supply,    and    production 
toxins — the  witness  stated  that  sedimentation  and  dilution  art 
prime  factorSj  and  that  incase  a  large  number  of  patho^'enic  i: 
are  deposited  on  tlie  bottom  of  a  stream  by  sedimentation  (herf< 
not  necessarily  be  killed  by  this  process ^  but  would  be  wash^ 
again  by  any  di.st urbane e,  such  as  a  freshet  or  dred^^ing,  and  wii 
be  carritnl  downstream  and  probably  cause  disease.     Untier  such 
a,ssumption  the  witness  admitted  that  the  longevity  uf  the  o: 
would  be  a  factor  and  that  some  of  them  would  be  tieatroyed  by  i 
sorial  life.     {809-S13,) 

The  witness  then  considered  the  series  of  samples  collected  Iwtfl 
February  K  and  20^  1900.     These  samples  came  from  Illinois  liwtt 
Peoria  and  Grafton^  from  Mississippi  River  above  Grafton  ^ 
iVJton  and  Hartford,  from  Missouri  River  at  Fort  Belief onlaini" 
from  Mississippi  lliver  at.  Chain  of  Rocks  along  the  cross  sa^i 
deflnecl  by  the  intake  tower  and  the  Illinois  and  Missouri  ilifl 
The  samples  from  Illinois  River  at  Peoria  and  Grafton  were  him 
black,  the  Mississippi  water  above  Grafton  was  remarkably  vk 
while  Mississippi  River  flowing  by  ^VJton  and  Hartford  showed 
mixture  of  the  two  wateis.     That  from  Missouri  River  was  exci 
ingly  clear  I  as  was  that  taken  from  Mississippi  River  near  th^ 
souri  shore  at  Chain  of  Rocks,  but  the  Mississippi  water  near 
Illinois  shore  was  black.     At  the  intake  tower  there  was  a  dki 
mixture  of  the  clear  and  the  black  water  which  represented  a 
between  the  two  streams  on  either  side  of  the  river.     The  bact 
logical  results  confirmed  unmistakably  the  conditions  indiciitfd 
physical    examination.     The    number    of    bacteria    in    the  Hi: 
samples  was  very  high;  a  lower  number  appeared  in  the  Missk-ij 
samples  abo%*e  Grafton,  and  the  lowest  in  Missouri  River  at  f^ 
Bellefontaine,  while  the  samples  taken  from  the  intake  tower  sho^ 
a  distinct  mixture.     The  rivers  were  covered  with  ice  during 
period.     Subsequent  to  this,   but  within  the  incubation  perioJ 
typhoiil  fever^  there  was  an  enormous  increase  in  the  occu^^eQce^^ 
the  disease  in  St.  Louis,  117  cases  and  16  deatlis  occurring  inMa^ 
In  connection  \Wth  this  the  witness  recalleil  the  fact  that  the  Chicip 
drainage  canal  had  been  opened  Januaiy  17,  and  that  the  samptej^ 
discussed  were  collected  from  February  8  to  20  following.     There  <■ 
a  heavy  thaw  in  the  Illinois  River  liasin  about  February  10,  which fi 
not  extend  to  the  basins  of  the  upper  Mississippi  and  Missouri  tint 
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some  time  later,  and  therefore  the  Illinois  River  water  largely  pre- 
dominated in  the  Mississippi  at  St.  Ix>uis.  From  this  the  witness 
deduced  the  following  conclusions:  A  great  mass  of  filth  had  accumu- 
lated in  the  Chicago  drainage  canal  previous  to  its  opening.  When 
the  BeM"  Trap  dam  was  lowered  this  material  rushed  down  the  valley 
and  could  be  readily  traced  by  the  naked  eye.  At  that  time  Illinois 
River  was  low,  and  the  greater  part  of  the  foul  mud  was  finally 
deposited  on  the  bottom  of  the  stream.  As  during  the  winter  months 
the  anaerobic  bacteria  were  ineffective,  the  foul  material  remained 
unchanged,  and  when  it  was  carried  down  into  the  Mississippi  by  the 
flood  it  must  have  been  in  a  highly  virulent  condition.     (835-840.) 

Pages  406-449,  inclusive,  of  the  record  give  the  testimony  of  the 
witness  in  regard  to  typhoid  at  St.  Louis.  He  stated  that  prior  to 
1895  the  St.  Louis  water  intake  was  located  at  Bissells  Point,  about 
3  miles  above  Market  street  and  just  above  the  present  Merchants 
Bridge  across  Mississippi  River.  About  1,000  feet  above  this  intake 
Harlem  Creek  discharges  into  the  Mississippi.  At  that  time  prob- 
ably about  10,000  people  lived  in  its  drainage  area,  the  sewage  from 
whom,  as  well  as  offal  from  a  number  of  dairy  stables,  discharged 
into  this  creek.  All  this  material  dimng  freshets  was  washed  into 
the  Mississippi  and  at  times  flowed  directly  into  the  Bissells  Point 
intake.  The  result  was  an  extended  epidemic  of  typhoid  fever  in 
St.  Louis,  beginning  in  August,  1892,  and  continuing  until  February, 
1893.  The  water  conmiissioner  placed  a  dam  across  Harlem  Creek 
oOO  yards  back  from  Mississippi  River  and  diverted  the  water  down- 
stream to  a  point  below  the  intake,  with  the  result  that  the  epidemic 
was  ended.  Typhoid  fever,  however,  continued  to  be  excessive  in 
St.  Louis  until  1895,  when  the  intake  was  removed  to  its  present 
location  at  Chain  of  Rocks,  after*  which  there  appeared  to  be  a  great 
improvement. 

The  witness  gave  the  number  of  cases  of  typhoid  fever  and  deaths 
therefrom  in  St.  Louis  dimng  each  week  of  the  period  1890  to  1900, 
inclusive,  with  the  exception  of  1892,  1893,  and  1894.  The  figures 
appear  on  pages  419  to  432,  inclusive,  of  the  record.  The  monthly 
statement  computed  from  these  and  other  figures  is  reproduced  in 
Table  1.     • 

The  evidence  given  in  Table  1,  together  with  a  statement  of  Mis- 
sissippi River  gage  heights  at  St.  Louis  during  coincident  periods, 
^as  introduced  in  diagranmiatic  form  and  designated  Complain- 
ant's Exhibit  No.  10.  The  diagram  showed  simply  that  as  a  whole 
low  gage  heights  were  accompanied  by  high  typhoid  morbidity  in 
St.  Louis. 

A  special  chart,  designated  Exhibit  No.  lOa,  was  then  intro- 
<hiced  into  evidence  and  is  herewith  produced  as  PL  I.  It  contains 
curves  indicating  the  number  of  cases  and  deaths  from  typhoid  fever 
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in  St.  Louis  during  the  year  1900,  gage  heights  of  Mississippi- 
at  St.  Louis  and  of  Missouri  River  at  Hermann,  Mo.,  duri5_ 
period,  and  the  proportion  of  Mississippi  River  water  enteri 
St.  Louis  waterworks  intake  at  Chain  of  Rocks,  determined  i 
ing  to  the  relative  amoimts  of  total  sohds  f oimd  in  daily  sam 


the  water  taken  from  Missouri  River  at  Fort  Bellefontaine  an 
Mississippi  River  at  Hartford  and  at  the  intake.     This  met       t      | 
determination  will  be  discussed  in  connection  with  the  testimi— J__ 
Professors  Keiser  and  Teichmann. 

In  discussing  Exhibit  lOa  (PI.  I)  the  witness  called  attent 
tbe>lact  that  in  the  early  part  of  the  year  1900  the  propoi 
Mississippi  River  water  entering  the  intake  increased,  reachii 
per  cent  February  8,  but  falling  rapidly  to  12  per  cent  Februa 
The  period  of  incubation  of  t3rphoid  fever  varies  from  five 
days  to  three  or  four  weeks.     March  3,  or  twenty-three  days 
February  8,  the  date  at  which  100  per  cent  of  Mississippi 
water  entered  the  intake,  there  was  an  increase  in  the  num 
t3rphoid  cases,  which  reached  a  maximum  March  17.     The  m 
further  called  attention  to  the  fact  that  from  January  27  to 
ruary  10  both  Mississippi  and  Missouri  rivers  were  falling,  bu  — l_ 
according  to  the  gage  height  records  at  Peoria,  Illinois  Rive  s^i 
high.     These  records  show  that  there  was  a  steady  rise  fron  ^^ 
uary  17  to  29,  and  the  inference  drawn  from  this  was  that  a  — I^ 
percentage  of  Illinois  River  water  was  directed  into  the  im 
Chain  of  Rocks  and  produced  the  typhoid  above  noted.     Mar< 
25,  26,  27,  and  28,  100  per  cent  of  Mississippi  River  water  was 
into  the  intake.     There  was  a  fall  to  62  per  cent  on  March  29 
rise  on  March  31  to  100  per  cent,     April  1  the  proportion  was  i 
cent;  April  2,  50  per  cent;  April  3,  62  per  cent;  April  5,  56  per 
April  6,  32  per  cent;  and  April  7,  1  per  cent,  after  which  i 
rapidly.     The  proportion  of  Mississippi  River  water  in  the 
fell  during  the  summer,  fluctuating  until  August  7,  when  it  r< 
6  per  cent.     By  August  31  it  had  risen  to  50  per  cent.     Duri 
this  time  the  number  of  typhoid  cases  in  St.  Louis  increased 
the  increase  in  the  proportion  of  Mississippi  River  water  a1 
intake  tower.     This  proportion  fluctuated  between  10  per  cent 
tember  15  and  46  per  cent  September  22.     After  this  there 
steady  rise,  imtil  a  percentage  of  64  was  reached  October  4. 
again  October  6  to  27  per  cent,  rose  on  the  7th  to  42,  fell  on  th( 
to  24,  and  rose  on  the  lOth  to  26.     From  all  this  Doctor  R 
concluded  that  when  the  volume  of  the  river  is  very  great  the 
centage  of  typhoid  is  very  low,  and  that  the  typhoid  increases 
the  increased  percentage  of  Mississippi  River  water  going  into" 
intake.     (432-447.) 

Doctor  Ravold  described  in  some  detail  the  great  typhoid 
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demies  at  Plymouth,  Pa.,  and  at  Lowell  and  Lawrence,  Mass.,  as 
well  as  several  which  had  taken  place  in  Europe.  (463-467,  739-752.) 
He  then  gave  a  record  of  the  deaths  from  typhoid  fever  in  repre- 
sentative foreign  and  American  cities,  the  substance  of  which  is 
included  in  Table  15.     (753-755.) 

Table  15. — Deaths  from  typhoid  fever  per  lOOfiOO  popuUttian  in  different  citiet,  1890- 

2896. 


'       Filtered  or  upland  wmter  supplies. 

Polluted  water  supplii 

M. 

Ye»r. 

i«,°iri  «"-""'• 

Berlin. 

Vienna. 

Chicago. 

Pitts- 
burg. 

Ix>uis- 
vllle. 

St.  Louis. 

l«0 

6 

4 

6 

2 

12 

8 
7 
3 
15 
2 

10 
9 

6 
5 

92 
154 
106 

45 
•        31 

32 

46 

81 
72 
84 
72 
77 
45 

94 

1»1 

im 

im 

isw...„ 

i**^ 

iw 

100 
100 
111 
56 
77 
61 

31 
19 
19 

1 

. 

Continuing,  Doctor  Ravold  discussed  a  chart  which  was  presented 
in  evidence,  showing  the  incidence  of  typhoid  fever  and  its  results  in 
St.  Louis  during  the  decade  1890-1900.  The  chart  emphasizes  espe- 
cially the  fact  that  from  January,  1890,  to  September  28,  1894,  during 
which  time  the  water  supply  was  taken  from  Bissells  Point,  where  it 
was  constantly  contaminated  by  the  waters  of  Harlem  Creek,  the  cases 
of  typhoid  fever  numbered  6,222  and  the  deaths  1,268.  Diuing  the 
period  from  September  28,  1894,  to  December,  1900,  when  the  supply 
was  taken  from  the  new  intake  at  Chain  of  Rocks,  the  cases  of  typhoid 
fever  numbered  2,490  and  the  deaths  562,  indicating  plainly  a  decrease 
in  typhoid-fever  rate  of  125  per  cent.  This  chart  further  showed  that 
during  the  three  years  intervening  since  the  opening  of  the  Chicago 
drainage  canal  and  the  end  of  the  year  1902  there  had  occurred  3,246 
cases  of  typhoid  fever  and  588  deaths,  an  increase  since  the  opening 
of  the  canal  of  68  per  cent. 

The  record  for  the  three  years  previous  to  and  the  three  years  subse- 
quent to  the  opening  of  the  Chicago  drainage  canal  is  as  follows: 

Table  16.— Typhoid-fever  cases  and  deaths  at  St.  Louis,  1897-1902. 


Year. 


Cases. 


l»7 t  433 

m i  426 

W» 948 


Deatlis. 


Year. 


Cases.      Deaths. 


125'   1900 1        1,213 

95,    1901 1        l.lOl 

130      1902 j        1.112 


168 
198 
222 


The  witness  endeavored  to  explain  the  increase  in  the  number  of 
caaes  occurring  in  1899,  previous  to  the  opening  of  the  Chicago  drain- 
age canal,  as  due  to  the  fact  that  in  that  year  the  water  in  Mississippi 
River  was  so  low  that  it  was  feared  that  the  lowest  gates  in  the  intake 
tower  would  not  admit  enough  water  to  supply  the  city,  so  that  a 
cofferdam  was  built  about  the  intake  and  workmen  were  engaged  to 
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put  a  lower  gate  in  the  tower,  the  contention  being  that  the  unavoid- 
able stirring  up  of  mud  which  accompanied  this  work  was  responsible 
for  the  increase  in  the  typhoid-fever  rate  during  that  year.  The  wit- 
ness stated  that  in  addition  to  this,  extensive  dredging  was  going  on 
in  Illinois  River  at  Kampsville.     (763-765.) 

With  reference  to  the  comparative  reliability  of  morbidity  and 
mortality  statistics  in  determining  the  prevalence  of  typhoid  fever, 
the  witness  expressed  a  preference  for  the  mortaUty  data  and  justified 
his  conclusions  as  follows: 

When  we  go  back  over  the  statistics — ^that  is,  of  the  typhoid-fever  cases  and  deaths- 
take  the  case  of  Plymouth,  for  instance;  there  were  1,104  cases  and  114  deaths,  10.3 
per  cent;  in  other  words,  10  out  of  every  100  died;  and  my  personal  experience  in  this 
city,  in  hospitals,  would  make  the  per  cent  anywhere  from  7  to  15,  depending  upon 
the  stage  of  the  disease  in  whicji  the  typhoid  cases  reached  the  hospital,  while  in  my 
experience  for  twenty  years  as  a  practicing  physician  in  this  city,  in  the  treatment  of 
typhoid  fever,  the  relation  of  deaths  to  cases  would  not  be  1  to  15 — that  is,  practising 
in  the  homes  of  the  individuals  sick.  The  reason  for  this  is  that  we  see  the  cases  early 
and  can  do  more  for  them  at  home,  while  in  the  hospitals  the  patient  reaches  there  after 
he  is  seriously  sick  and  the  chances  for  treatment  and  recovery  are  not  so  good,  so  these 
figures  on  the  chart,  showing  the  relation  of  cases  to  deaths,  are  not  comparable  at  all. 

Take  any  one  of  these  years — any  one  you  may  please.  We  find  that  for  1892,  for 
instance,  we  have  488  deaths  and  3,624  cases  recorded.  There  ought  to  be  at  least 
5,000  cases  recorded  by  physicians — or  take  the  lowest  there,  1898,  95  deaths,  which 
would  mean  950  cases  in  the  town. 

The  witness  concluded  from  this  that  physicians  had  not  reported 
every  case,  but  reported  necessarily  every  death.     (765-766.) 

CROSS-EXAMINATION. 

The  most  of  the  cross-examination  (837-949)  consisted  of  a  review 
of  the  statements  already  made  by  the  witness,  and  only  a  few  of  the 
important  facts  not  brought  out  during  the  direct  examination  will  be 
mentioned  here. 

The  witness  stated  that  the  results  of  the  examination  of  the  water 
of  Illinois  River  carried  on  during  1899  were  not,  in  his  opinion,  a  fair 
test  of  the  conditions. 

A  series  of  questions  was  then  put  to  the  witness,  the  purpose  of 
which  was  apparently  to  show  that,  sedimentation  and  dilution  being 
important  factors  in  the  disappearance  of  bacteria  from  water,  the 
conditions  along  Illinois  River  were  favorable  for  such  disappearance. 
The  witness  conceded  that  there  must  be  considerable  sedimentation 
at  numerous  points  along  the  river  where  the  channel  assumed  the 
form  of  a  basin,  or  where  dams  were  built  across  the  channel.  He 
denied  that  there  was  any  significant  amount  of  sedimentation  in  the 
basin  at  or  near  Joliet,  but  conceded  that  at  such  places  as  La  Salle, 
Peoria,  Henry,  Copperas  Creek,  Lagrange,  Beardstown,  and  Kamps- 
ville considerable  sedimentation  occurred.  The  witness  confessed 
ignorance  concerning  the  amount  of  water  normally  contributed  by 
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.   itary  streams  of  the  Illinois  basin,  but  admitted  that 

insiderable  dilution.     It  was  then  admitted  that  there 

'pi  River  and  its  tributaries  entering  above  St.  Louis 

tes  which  discharge  raw  sewage  into  the  streams,  and 

^  impossible  to  determine  whether  typhoid  bacilli  occur- 

er  at  the  St.  Louis  intake  came  from  the  Chicago  drain- 

^    Tom  the  sewers  of  the  cities  mentioned.     He  further 

^*    the  drainage  area  of  Illinois  River  was  very  small  com- 

^^  at  of  the  Missouri  and  upper  Mississippi  and  stated  that 

^     I  as  to  the  dangerous  quality  of  water  from  Illinois  River 

.  the  discovery  not  of  organisms  which  actually  produce 

rather  of  kindred  species  which  are  known  to  accompany 

avoid  admitted  that  there  had  not  been  in  this  country 

!ac  report  of  a  water-borne  t]^T)hoid  epidemic  in  which  the 

ree  of  contamination  was  at  a  greater  distance  than  about 

ut  explained  this  by  stating  that  when  greater  distances 

ved  the  difficulty  of  such  proof  became  insurmountable, 

M  there  were  always  other  to'WTis  in  the  drainage  area  which 

ad  the  field  of  research. 

aifiss  expressed  his  opinion  that  no  running  stream  on  which 
villages  are  situated  is  fit  as  a  source  of  water  for  domestic 
jut  purification,  and  in  this  connection  many  instances  of 
lemics  were  cited  to  support  his  statement. 

WILLIAM  C.  TEICHMANN. 


DIRECT   EXAMINATION. 

tllliim  C.  Teichmaiin,  a  witness  c*alled  in  hphalf  of  the  com- 
ity testified  that  ^jince  April,  1893,  he  had  been  city  chemist  of 
loia.  lie  was  graduated  from  the  academic  department  of 
oil  University  In  1>175;  in  the  fall  of  the  same  year  entered 
ytechnic  College  of  Brunswick,  Germany ^  and  there  studied 
unUl  l\w  fftimmer  of  1879;  in  the  fall  of  1S79  he  entered  the 
Tfy  of  BerliT'  «Tiitiriyedi|||M|udy  of  chemist rj-  and  other 

ialty  of  water  analysis 

le  entered  the  University 

Munich,  remaining  there 

f  philosophy  in  chemistry 

in   1SK5  he  engaged  in 

k  M!>  chemLstrj'  and 

I  lofessor  of  chem- 

fn  1891  he  became 

ining  this  position 

a  the  analysis  of 
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waters,  disinfectants,  medicines,  and  articles  of  food  under  the 
department  of  health  and  for  the  city  institutions,  together  with 
toxicological  work  for  the  police  department.     (1148-1150.) 

Doctor  Teichmann  stated  that  he  had  charge  of  the  chemical  part 
of  the  entire  investigation  carried  on  by  the  complainant;  that  he 
had  organized  the  system  of  collection  of  chemical  samples  and  had 
directed  as  well  as  taken  part  in  the  chemical  procedure.  The  chem- 
ical work  was  divided  into  several  periods,  which  will  be  taken  up  in 
chronological  order.     (1151-1155.) 

The  first  period  commenced  August  23,  1899,  and  closed  January 
22,  1900.  The  samples  were  not  taken  at  regular  intervals,  but  only 
at  such  times  as  the  city  harbor  boat  and  the  funds  at  the  disposal  of 
the  witness  permitted.  The  total  number  of  samples  collected  during 
this  period  was  142,  taken  from  the  following  points  (641-643): 

Samplfs  of  water  collected  from  August  23,  2899,  to  January  22,  1900. 

Number  o( 
samplet. 

MissiH8ippi  River  at  Chain  of  Rocks,  near  intake  tower  of  St.  Louis  water  supply.  26 

Mississippi  River  at  Chain  of  Rocks,  near  Missouri  shore 3 

Mississippi  River  at  Chain  of  Rocks,  near  Illinois  shore 3 

St.  Louis  waterworks  distributing  well 28 

Mississippi  River  at  Madison  Landing,  between  Chain  of  Rocks  and  mouth  of 

Missouri  River,  near  Missouri  shore 3 

Mississippi  River  at  Madison  Landing,  near  Illinois  shore 7 

Mouth  of  Missouri  River 10 

Mississippi  River  at  points  between  Alton  and  mouth  of  Missouri  River 13 

Mississippi  River  at  Clifton  Terrace 6 

Mississippi  River  at  Elsah 5 

Illinois  River  at  points  1,  2,  3,  and  5  miles  above  Grafton 19 

Mississippi  River  at  points  1,  2,  3,  and  5  miles  above  mouth  of  Illinois  River. .  19 

For  about  two  months  from  the  beginning  of  the  work  the  samples 
were  collected  in  demijohns  held  in  the  hand  under  the  surface  of  the 
water.  After  this  period  collecting  machines  were  devised  and  the 
water  was  taken  at  a  point  from  3  to  4  feet  beneath  the  surface.  The 
capacity  of  the  bottles  was  one-half  gallon.  After  the  sample  was 
taken  a  cloth  was  tied  over  the  stopper  and  the  neck  of  the  bottle*  or 
demijohn,  and  a  tag  was  attached  to  the  bottle  with  sealing  wax,  the 
seal  of  the  city  chemist's  office  being  used.     (644-645.) 

The  second  period  extended  from  January  23  to  October  11,  1900, 

the  number  of  samples  collected  and  analyzed  during  that  period 

being  3,492.     The  samples  were  taken  from  the  following  points  (1 182- 

1183): 

Samples  of  water  collected  from  January  2S  to  October  11,  1900. 

Nnmberof 

MIIipl«8. 

Lake  Michigan 11 

Chicago  drainage  canal  above  B(»ar  Trap  dam  at  Lockport 219 

Desplaines  River  at  Joliet 219 

Illinois  River  3  miles  above  Peoria 260 
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Number  of 
samples. 

niinois  River  3  miles  below  Pekin 1 

Illinoia  River  at  Pekin  Bridge 1 

niinois  River  at  Wesley 1 

Illinois  River  3  miles  above  Grafton 265 

MissisBippi  River  2  miles  above  Grafton 264 

HiasisBippi  River  1  mile  above  Alton 260 

Mississippi  River  opposite  Hartford 260 

Missouri  River  opposite  Fort  Bellefontaine 261 

Mississippi  River  at  Chain  of  Rocks,  near  Missouri  shore 263 

Mississippi  River  at  Chain  of  Rocks,  near  Illinois  shore 246 

Mississippi  River  at  Chain  of  Rocks,  at  intake  tower 250 

St.  Louis  waterworks  uptake 260 

St.  Louis  waterworks  outlet  reservoir 261 

Tap  at  city  chemist's  office 156 

Harbor  boat  and  sp>ecial  samples 47 

After  the  close  of  this  period  weekly  samples  were  taken  until 
November  30,  1900,  at  the  following  points  (1183-1184): 

'Samples  of  water  collected  from  October  12  to  November  30  ^  1900. 

Number  of  farnplfis. 

Lake  Michigan 5 

Dcsplaines  River  at  Lockport 7 

Illinois  and  Michigan  Canal  at  Lockport 7 

D^spiaines  River  above  entrance  of  Chicago  drainage  canal 7 

Desj^nes  River  at  Ninth  Street  Bridge,  Lockport 7 

Bear  Trap  dam,  Chicago  drainage  canal 7 

Desplaines  River  at  Joliet  ^ 7 

Illinois  River  3  miles  above  Peoria 7 

Illinois  River  3  miles  above  Pekin 7 

Illinois  River  3  miles  above  Grafton 9 

Miadssippi  River  2  miles  above  Grafton 9 

Miflassippi  River  1  mile  above  Alton 7 

Misissippi  River  at  Hartford 8 

Miaouri  River  at  Fort  Bellefontaine 7 

Beginning  with  January  23  the  samples  were  taken  in  duplicate  and 
registered  at  the  city  chemist's  office,  one  of  the  duplicate  samples 
being  analyzed  there,  while  the  other  was  analyzed  in  the  laboratory 
of  Washington  University  under  the  supervision  of  Prof.  Edward  H. 
Keiser.  The  chemical  samples  were  sent  to  St.  Louis  by  common  car- 
rier and  were  packed  in  ice. 

From  October  12,  1900,  to  September  30,  1901,  daily  samples  were 
collected  from  Mississippi  River  at  Chain  of  Rocks  along  the  cross  sec- 
lion  previously  defined.  Daily  samples  were  also  taken  from  the  out- 
let chamber  of  the  St.  Louis  waterworks  and  from  the  tap  at  the  city 
chemist's  office.     (661-662.) 

The  next  period  included  the  most  thorough  investigation  and 
extended  from  October  1  to  November  30,  1901.  The  work  consisted 
utB  ISH— 07 i 
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principally  of  a  daily  collection  of  samples  at  the  following  points 
(1247-1249) : 

Illinois  and  Michigan  Canal  at  Bridgeport. 

Drainage  canal  at  Bridgeport. 

Drainage  canal  at  Bear  Trap  dam,  Lockport. 

Illinois  and  Michigan  canal  at  Lockport. 

Desplaines  River  above  Bear  Trap  dam,  Lockport. 

Desplaines  River  at  Ninth  Street  Bridge,  Lockport. 

Desplaines  River  at  Ruby  Street  Bridge,  Joliet. 

Desplaines  River  at  Brandon's  bridge,  Joliet. 

Illinois  River  at  La  Salle. 

Illinois  River  at  Peoria,  3  miles  above  railroad  bridge. 

Illinois  River  at  Pekin. 

Illinois  River  at  Kingston,  8  miles  below  Pekin. 

Illinois  River  at  Beardstown. 

Illinois  River  at  Grafton. 

Mississippi  River  at  Grafton. 

Mississippi  River  at  Alton. 

Mississippi  River  at  Hartford. 

Mississippi  River  at  Chain  of  Rocks,  Illinois  shore. 

Mississippi  River  at  Chain  of  Rocks,  midstream. 

Mississippi  River  at  Chain  of  Rocks,  waterworks  intake. 

Mississippi  River  at  Chain  of  Rocks,  Missouri  shore, 

Missouri  River  at  Fort.Bellefontaine. 

St.  Louis  waterworks  at  outlet  chamber. 

Tap  in  city  chemist's  office,  St.  Louis. 

Triweekly  samples  were  collected  from  Lake  Michigan  at  Chicago 
during  this  period  and  semiweekly  samples  from  South  Branch  of  Chi- 
cago River,  near  the  Chicago  and  Alton  Railroad  bridge;  also  from 
Illinois  River  at  Wesley,  3  miles  below  Peoria.  Four  sets  of  samples 
were  taken  above  and  below  each  of  the  following  points  along  Mis- 
souri River:  Omaha,  Nebr.;  Kansas  City,  JeflFerson  City,  Hermann, 
and  St.  Charles,  Mo.  Two  samples  were  collected  from  Missouri  River 
at  Wathena,  Kans.,  and  two  samples  from  Kaw  River,  near  Argentme, 
Kans.     (1249-1250.) 

During  this  period  occasional  cross-section  samples  were  taken  at 
such  places  as  Pekin  Bridge,  Kingston,  and  Peoria,  Illinois  River; 
Joliet,  Desplaines  River;  Alton,  Chain  of  Rocks,  and  Hartford,  Mis- 
sissippi River;  and  Fort  Bellefontaine,  Missouri  River.     (1250.) 

The  last  period  of  examination  extended  from  December  1,  1901,  to 
July  1,  1902,  and  represents  the  daily  collection  and  analysis  of  sam- 
ples from  Mississippi  River  at  the  intake  tower,  Illinois  shore,  and 
Missouri  shore  at  Chain  of  Rocks,  from  the  outlet  chamber  of  the  St. 
Louis  waterworks,  and  from  the  tap  in  the  city  chemist's  oflSce. 
Duplicate  samples  were  sent  to  Professor  Keiser  for  examination. 
(1289-1290.) 

The  witness  prefaced  his  discussion  of  his  analytical  results  by  a 
review  of  some  figures  by  Lyman  E,  Cooley  on  the  flow  of  Illinois 
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River  and  its  tributaries,  in  order  that  there  might  be  a  proper  iinder- 
sUnding  of  the  effect  of  dilution. 

Mr.  Cooley  gives  the  low- water  flows  in  various  parts  of  the  Illinois 
River  basin  as  follows:  Desplaines  River  above  Lockport  in  1887,  256 
cubic  feet  per  minute;  in  1879,  339  cubic  feet  per  minute;  Kankakee 
River,  at  Wilmington,  during  the  twelve  years  from  1871  to  1883, 
25,200  cubic  feet  per  minute;  Kankakee  River  at  mouth,  September 
9, 1867,  27,377  cubic  feet  per  minute;  Fox  River,  at  Ottawa,  Septem- 
ber 17,  1867,  31,539  cubic  feet  per  minute.  On  this  date  the  Mazon 
was  practically  dry.  In  Illinois  River,  at  Morris,  from  May  13  to  28, 
1887,  the  water  was  within  2  or  3  inches  of  the  lowest  stage  since  1856, 
and  it  is  doubtful  if  the  amount  exceeded  15,000  to  20,000  cubic  feet 
per  minute,  or  250  to  350  cubic  feet  per  second.  At  least  60  per  cent 
of  the  water  passing  Morris  in  1887  came  from  Lake  Michigan  by  the 
Dlinois  and  Michigan  Canal,  and  probably  one-half  of  the  volume  in 
ordinary  low-water  years  comes  from  this  source.  A  measurement 
made  at  La  Salle  by  the  canal  authorities  before  the  canal  was  deep- 
ened showed  37,900  cubic  feet  per  minute,  and  doubtless  Lake  Mich- 
igan water  has  represented  one-half  of  the  volume  passing  in  some 
recent  low-water  periods. 

In  1888  Illinois  River  at  the  Henry  dam  ran  less  thaii  500  cubic 
feet  per  second  for  nine  days,  and  at  Copperas  Creek  the  same  amount 
for  twenty  days.  The  water  at  Copperas  Creek  was  at  or  below  the 
same  level  in  1887  for  one  hundred  and  seventeen  days,  in  1886  for 
eighteen  days,  and  in  1879  for  forty-four  days;  at  Henry  in  1877  for 
thirty  days,  in  1875  for  forty-seven  days,  and  in  1871  apparently  for  a 
longer  period.  The  volume  in  1888  was  less  than  that  discharged 
through  the  canal  at  Chicago  for  the  same  period.  How  much  leakage 
there  might  have  been  through  the  dams  at  this  time  is  unknown. 
In  1867  or  earlier  a  measurement  was  made  at  La  Salle  of  633  cubic 
feet  per  second;  in  1879,  1,566  cubic  feet;  and  in  1887,  1,685  cubic 
feet.  Part  of  the  water  in  the  last  two  measurements  is  chargeable 
to  Lake  Michigan. 

It  is  probable  that  since  the  Bridgeport  pumps  were  erected  in 
1883  over  half  of  the  minimum  discharge  above  Havana  and  one- 
third  of  the  minimum  below  the  Sangamon  has  come  from  Lake 
Michigan.  For  the  purposes  of  calculation  the  normal  low-water 
volume  is  taken  at  600  cubic  feet  per  second  for  the  upper  section  of 
the  river.  In  1887  60  per  cent  of  the  flow  at  Morris  came  from  the 
Dlinois  and  Michigan  Canal,  or,  in  other  words,  the  natural  flow  of  the 
Illinois  above  that  point  was  only  8,000  cubic  feet  per  minute,  or  134 
cubic  feet  per  second.  Let  it  be  assumed  for  the  purposes  of  calcu- 
lation that^  independent  of  Chicago  sewage,  the  natural  low-water 
volume  for  the  section  of  the  river  above  Havana  is  300  "  cubic  feet 

a  Probably  a  misprint  in  tho  record  for  200. 
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per  second,  and  for  the  section  below  this  point  800  cubic  feet  per 
second.  This  is  the  condition  prior  to  the  opening^  of  the  Chicago 
drainage  canal.  These  figures  show  that  the  ratio  of  dilution  of 
Chicago  sewage  in  upper  Illinois  River  prior  to  the  opening  of  the 
drainage  canal  was  1 :0.5,  and  in  the  lower  division  1:2.  (1163-1166.) 
The  witness  stated  that  he  had  no  personal  data  for  Illinois  River 
previous  to  the  opening  of  the  drainage  canal  in  1900.  He  referred, 
however,  to  the  following  reports  which  contain  such  data  (1174): 

Long,  John  H.,  Chemical  investigations  of  the  water  supplies  of  Illinois:  Rept.  Illinoi* 

State  Board  of  Health,  pt.  1. 
Palmer,  A.  W.,  Chemical  survey  of  the  water  supplies  of  Illinois. 
Long,  John  H.,  Advance  notes  of  the  sanitary  investigation  of  Illinois  River  and  its 

tributaries:  Rept.  Illinois  State  Board  of  Health,  1900. 
Jordan,  E.  O.,  Some  observations  upon  the  bacterial  self-purification  of  streams:  Jour. 

Experimental  Medicine,  vol.  5,  December  15,  1900. 

Selected  tables  in  these  reports  show,  in  the  opinion  of  the  witness— 

1.  That  prior  to  the  opening  of  the  Chicago  drainage  canal  Illinois 
River  was  polluted  by  the  effluent  of  the  Illinois  and  Michigan  Canal 
to  such  an  extent  as  to  make  the  entire  river  a  conduit  for  dilute 
sewage.  The  dilution  of  sewage  between  Utica  and  the  mouth  of  the 
river  was  1  to  2  in  times  of  drought. 

2.  That  while  dilution,  sedimentation,  and  oxidation  are  effective 
in  reducing  the  quantity  of  characteristic  sewage  ingredients,  they 
are  not,  in  the  case  of  Illinois  River,  sufficient  to  complete  the  process 
previous  to  the  discharge  of  the  river  into  the  Mississippi. 

3.  That  the  tributaries  of  Illinois  River  are  much  purer  than  the 
main  stream. 

4.  That  during  the  interval  between  1888  and  1899  there  was  a 
continual  increase  in  the  pollution  of  Illinois  River  while  there  was  no 
corresponding  increase  in  the  pollution  of  its  tributaries. 

5.  That  it  is  only  necessary  to  consider  the  increase  in  the  amount 
of  water  pumped  into  the  Illinois  and  Michigan  Canal  from  Chicago 
River  and  discharged  therefrom  into  Desplaines  and  Illinois  rivers, 
and  to  recall  the  enormous  growth  of  population  and  industries  in 
Chicago,  to  obtain  the  explanation  of  the  gradual  conversion  of 
Illinois  River  into  an  open  sewer.     (1174-1176.) 

The  witness  then  presented  the  results  of  his  determinations  of 
certain  constituents  in  the  water  of  Illinois  and  Mississippi  rivers  a 
short  distance  above  Grafton,  from  September  6,  1899,  to  January 
17,1900.     (1177-1178.) 
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Table  17. — Maximum ^  minimum,  and  average  results  of  analyses  of  water  from  Mis- 

fissippi  and  Illinois  rivers  3  miles  above  Grafton,  September  6,  1899,  to  January  /7, 

1900. 

[Parts  per  million.] 


Illinois  River. 

.    Mississippi  River. 

Maximum. 

Minimum. 

Average. 

Maximum. 

Minimum. 

Average. 

Residae  on  evaporation: 

Total ^ 

510 

330 

413 

450 

195 

285 

Diasolved 

460 

240 

340 

280 

130 

205 

Albumtnoid  ammonia 

.7fi3 
.440 

.317 
.091 

.553 
.215 

.614 
.134 

.394 
.030 

.503 

Free  ammonia 

.069 

Nitrites 

.020 

.003 

.012 

.008 

.000 

^       .002 

Nitrates 

1.1 

.4 

.8 

.6 

.2 

.3 

Oxraen  consumed: 

6 

3.1 

4.1 

11.4 

4.6 

6.9 

DiMolved 

4.9 

2.3 

3.4 

8.9 

2.9 

5.6 

Chlorine 

36 

15 

25 

9 

4 

6 

The  witness  called  attention  to  the  excess  in  nitrites,  free  ammonia, 
and  chlorine  of  Illinois  River  over  those  of  the  Mississippi. 

He  then  took  up  the  discussion  of  analytical  data  procured  from 
September  6  to  December  4,  1899,  concerning  the  character  of  water 
in  Mississippi  River  between  Grafton  and  Chain  of  Rocks,  samples 
being  taken  from  points  specified  on  page  48.     (1179-1180.) 

The  results  of  the  analyses  of  semiweekly  samples  taken  at  the 
intake  from  October  16,  1899,  to  January  22,  1900,  were  then  pre- 
sented as  shown  in  Table  18.     (1180-1181.) 

Table  18. — Mcaimum,  minimum^  and  average  results  of  analyses  of  semiweekly  sam- 
ples from  Mississippi  River  at  St,  Louis  waterworks  iMake,  October  16,  1899,  to  Janu- 
ary i^^  1900. 

[Parts  per  million.] 


i  Maximum.   Minimum.  |   Average. 


•|  _ 

0.008  I  0.0063(?) 

.000  ,  .002 

.2      !  .4 

9  17 


Free  ammonia I  0. 138 

Nitrates '  .010 

Nitrates '  .8     ' 

Chlorine '  27 

! \ I 

The  witness  noted  the  wide  variability  of  the  water  Teported  in 
the  above  table  and  assigned  as  a  reason  the  *^  great  fluctuations  in 
the  daily  varying  mixtures  of  Mississippi  and  Missouri  river  waters 
at  the  intake.''  The  following  conclusions  were  then  given  from  the 
results  of  the  work  in  1899  (1181-1182): 

1.  The  Illinois  at  its  mouth  was  badly  polluted. 

2.  The  Mississippi  above  the  mouth  of  Illinois  River  was  of  better 
quahty.  ♦ 

3.  The  Mississippi  between  Grafton  and  St.  Louis  showed  the  effects 
of  pollution  from  the  Illinois,  and  on  occasions  when  this  water  affected 
the  intake  at  Chain  of  Rocks  the  St.  Louis  water  supply  became  pol- 
luted. 

4.  Missouri  River  was  generally  purer  than  the  Illinois  above  Graf- 
ton and  than  the  Mississippi  below  the  confluence  with  the  Illinois. 
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The  witness  then  proceeded  to  a  discussion  of  the  amount  of  Chi- 
cago sewage  entering  Illinois  River  from  the  Chicago  drainage  canal 
and  the  Illinois  and  Michigan  canal.     (1191-1196.) 

He  then  presented  ten  charts,  which  were  admitted  in  evidence  and 
marked  for  identification  "Complainant's  Exhibits  52  to  61/'  inclu- 
sive. These  charts  contain  in  diagrammatic  form  the  results  of  the 
determinations  of  nitrogen  as  free  ammonia,  nitrites,  and  nitrates,  and 
of  chlorine.  The  various  records  were  grouped  in  different  ways  to 
illustrate  the  various  points  brought  out  by  the  witness,  but  as  many  of 
them  constitute  a  duplication  the  charts  will  not  be  reproduced  in 
this  review.     The  results  of  the  tests  are  set  forth  in  Table  19. 


Table  19. — Results  of  sanitary  analyses  of  water  from  designated  points ^  January  to 

October,  1900. 

NITROGEN  AS  FREE  AMMONIA. 

[Parts  per  million.] 


Weeic 
begin- 
ning— 

Bear 
Trap 
dam, 
Loclc- 
port. 

Des- 
plaines 
River 

at 
Joliet. 

nols 
River 

at 

Avery- 

ville. 

2.80 
2.43 
1.24 
.95 
1.27 
.92 
1.06 
.55 
.41 
.50 
.50 
.44 
.54 
.35 
.14 
.28 
.33 
.28 
.27 
.27 
.24 
.25 
.43 
.23 
.28 
.44 
.18 
.17 
.16 
.18 
.22 
.19 
.15 
.17 

.70 
1.35 

Illi- 
nois 

River 
at 

Graf- 
ton. 

Missis- 

Rfver 
at 

Graf- 
ton. 

Missis- 

R^^r 
above 
Alton. 

Missis- 

«r 

at 
Hart- 
ford. 

Mis- 
souri 
River 
at  Fort 
BeUe- 

fon- 
Uine, 

Mo. 

0.140 

M{«Jf-  1  Missls- 

^^RS^ks^'l^^^o' 
tfiB-       Rocks, 

^"ri       ISwer" 
shore.  '  ^''^'• 

Missis- 
sippi 
River  at 
Chain  ol 
Rocks, 
lUinois 
shore. 

Jan.    23 

1.40 
1.68 
1.15 
.81 
.69 
.53 
.24 
.33 
.32 
.28 
.31 
.26 
.23 
.14 
.12 
.13 
.14 
.14 
.07 
.09 
.07 
.06 
.08 
.06 
.08 
.09 
.10 
.10 
.10 
.10 
.08 
.08 
.07 
.05 

.10 
.10 

0.105 
.175 
.130 
.181 
.280 
.260 
.175 
.393 
.428 
.362 
.378 
.280 
.160 
.160 
.085 
.066 
.090 
.080 
.045 
.055 
.041 
.059 
.060 
.047 
.058 
.072 
.110 
.111 
.106 
.096 
.090 
.079 
.072 
.068 
.090 
.086 
.107 

0.682 
1.052 
.830 
.507 
.610 
.456 
.190 
.366 
.323 
.352 
.315 
.281 
.206 
.137 
.115 
.120 
.106 
.088 
.075 
.070 
.042 
.045 
.068 
.070 
.062 
.120 
.135 
.110 
.091 
.081 
.100 
.082 
.078 
.078 
.062 
.099 
.120 

0.740 
.865 
.695 
.475 
.575 
.426 
.258 
.383 
.331 
.312 
.296 
.297 
.200 
.130 
.105 
.100 
.098 
.072 
.061 
.060 
.050 
.053 
.076 
.067 
.077 
.100 
.120 
.110 
.093 
.087 
.121 
.068 
.0ti8 
.088 
.097 
.093 
.120 

0.120 
.230 
.280 

Jan.    30 

.112 
.290 
.137 
.137 
.101 
.190 
.305 
.230 
.175 
.066 
.110 
.150 
.146 
.200 
.130 
.143 
.095 
.110 
.078 
.084 
.090 
.115 
.140 
.125 
.190 
.208 
.150 
.110 
.070 
.138 
.140 
.180 
.095 
.120 
.130 
.170 

Feb.     6 

Feb.    13 

1 

.175 
.260 
.136 

Feb.    20 

1 

Feb.    27 

1.45 
2.77 

"i'm" 

1.50 
1.58 
1.17 
1.45 
1.10 
1.48 
1.80 
1.18 
1.55 
1.23 
1.24 
1.60 
1.30 
1.53 
1.97 
1.53 
1.47 
1.67 
1.30 
1.42 
1.25 
1.61 
1.42 
1.47 
2.48 
2.05 
1.85 
1.20 

3.02 
3.48 
1.91 
1.88 
1.71 
2.30 
2.07 
2.48 
1.93 
2.41 
2.65 
.2.40 
2.27 
2.68 
2.95 
2.60 
2.72 
3.12 
3.40 
2.75 
2.70 
2.62 
2.05 
2.16 
2.36 
3.70 
2.05 
3.05 
5.03 
6.21 
3.27 
2.11 

Mar.     6 

.201 

Mar.   13 

.312 
.360 
.276 
.288 
.200 
.118 
.125 
.107 
.066 
.113 
.095 
.067 

Mar.  20 

Mar.   27 

Apr.     3 
Apr.    10 
Apr.    17 
Apr.   24 
May      1 
May     8 
May    15 
May    22 
May    29 

.070 

June   12 

.065  ' 

June   19 

.058  • 

June  2C 

.090 

July     3 
July    10 
July    17 
July    24 
July    31 
Aug.     7 
Aug.   14 
Aug.  21 
Aug.   28 
Sept.     4 
Sept.  11 
Sept.  18 
Sept.  25 
Got       2 

.085 

.082  « 

.135 

.220 

.140 

.100 

.0^ 

.105 

.115 
.  125 

.060 

.082 
.085 

.120 
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19. — RaulU  of  Bonilary  analyses  of  voaUr  from  designated  points,  January  to 
October,  iSO;— CoDtinued. 


NITROGEN  AS  NITRITES. 


Bear 
Trap 
dam, 
Lock- 
1   port. 

Des- 
piaines 
River 

at 
Joliet. 

im- 

nois 
River 

at 

Avery- 

vitie. 

Illi- 
noU 

River 
at 

Graf- 
ton. 

Missis- 

at 
Graf- 
ton. 

Missis- 

above 
Alton. 

Missis- 

at 
Hart- 
ford. 

Mis- 
souri 
River 
at  Fort 
Belle- 

fon- 
taine, 

Mo. 

Missis- 
sippi 
River  at 
Chain  of 
Rocks, 
Mis- 
souri 
shore. 

Missis- 
sippi 
River  at 
Chain  of 
Rocks, 
intake 
.tower. 

Missis- 
sippi 
River  at 
Chain  of 
Rocks, 
Illinois 
shore. 

1              1 

0.029 

0.031 

0.005 

0.021 

0.014 

0.007 

0.007 

0.006 

0.017 

;::::::::i:::::::? 

.042 

.039 

.002 

.088 

.026 

.005 

.005 

.008 

.021 

:               1 

.035 

.021 

.007 

.020 

.010 

.008 

.008 

.012 

.025 

y^'.v.v^."'.'.'.v. 

.032 

.019 

.006 

.015 

.014 

.008 

.008 

.013 

.012 

.038 

.023 

.012 

.021 

.019 

.010 

.010 

.014 

.018 

1 

0.033 

.027 

.030 

.011 

.029 

.023 

.016 

.016 

.014 

.018 

"  0. 048" 

.050 

.033 

.021 

.010 

.022 

.019 

.015 

.015 

.016 

.015 

1       .065 

.061 

.019 

.018 

.010 

.019 

.014 

.017 

.017 

.017 

.017 

!       .043 

.048 

.020 

.019 

.008 

.020 

.019 

.015 

.015 

.014 

.017 

.085 

.079 

.016 

.015 

.037 

.017 

.018 

.015 

.015 

.014 

.019 

.098 

.055 

.020 

.023 

.017 

.024 

.026 

.011 

.011 

.020 

.027 

1       .060 

.056 

.034 

.035 

.024 

.037 

.034 

.008 

.008 

.022 

.031 

1       .074 

.060 

.061 

.046 

.016 

.042 

.049 

.012 

.012 

.019 

.031 

.043 

.027 

.077 

.060 

.025 

.042 

.040 

.011 

.011 

.019 

.028 

.019 

.026 

.072 

.040 

.004 

.022 

.022 

.011 

.011 

.010 

.017 

.042 

.031 

.122 

.039 

.008 

.027 

.028 

.010 

.010 

.013 

.015 

.038 

.035 

.084 

.057 

.013 

.038 

.036 

.011 

.011 

.011 

.017 

.009 

.017 

.082 

.061 

.008 

.031 

.027 

.005 

.006 

.010 

.019 

.015 

.032 

.122 

.056 

.004 

.014 

.013 

.004 

.005 

.008 

.009 

.027 

.027 

.133 

.016 

.004 

.006 

.005 

.003 

.004 

.005 

.005 

.004 

.033 

.147 

.015 

.005 

.007 

.005 

.004 

.005 

.005 

.005 

.006 

.034 

.199 

.018 

.007 

.000 

.009 

.003 

.004 

.003 

.004 

.006 

.036 

.137 

.046 

.007 

.030 

.026 

.002 

.003 

.002 

.002 

.006 

.067 

.150 

.022 

.006 

.016 

.013 

.002 

.003 

.003 

.004 

.012 

.158 

.025 

.006 

.016 

.012 

.002 

.003 

.002 

.005 

.005 

".032' 

.213 

.033 

.008 

.022 

.017 

.003 

.003 

.003 

.008 

.007 

.042 

.119 

.047 

.008 

.021 

.018 

.008 

.008 

.006 

.015 

.004 

.033 

.149 

.032 

.006 

.012 

.010 

.005 

.004 

.004 

.006 

.009 

.049 

.150 

.030 

.004 

.014 

.012 

.006 

.006 

.004 

.001 

.023 

.061 

.206 

.043 

.006 

.021 

.017 

.006 

.006 

.004 

.015 

.009 

.046 

.178 

.020 

.011 

.015 

.014 

.005 

.004 

.004 

.009 

.007 

.031 

.142 

.016 

.003 

.000 

.008 

.004 

.004 

.003 

.007 

.009 

.107 

.155 

.018 

.006 

.011 

.000 

.006 

.003 

.003 

.007 

.002 

.027 

.094 

.023 

.005 

.012 

.011 

.002 

.002 

.003 

.009 

.008 

.035 

.064 

.033 

.006 

.012 

.011 

.003 

.003 

.004 

.009 

.Oil 

.026 

.106 

.043 

.006 

.014 

.014 

.004 

.003 

.004 

.011 

.011 

1 

.051 

.145 

.042 

.008 

.019 

.017 

.008 

.006 

.006 

.013 
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Table  19. — RettdU  of  sanitary  analyses  of  water  from  designated  points,  January  to 

October,  1900— Continued. 


NITROGEN  AS  NITRATES. 


I 


Bear 

Week    j  Trap 

begin-      dam, 

ning—      Lock- 

I  port. 


Jan.  23 

Jan.  30 

Feb.  6 

Feb.  13 

Feb.  20 

Feb.  27 

Mar.  6 

Mar.  13 

Mar.  20  ' 

Mar.  27 

Apr.  3 

Apr.  10  , 

Apr.  17 

Apr.  24 

May  1  , 

May  8 

May  15  ' 

May  22  > 

May  29 

June  5  I 

June  12 

June  19 

June  26 

July  3 

July  10 

July  17 

July  24 

July  31 

Aug.  7 

Aug.  14 

Aug.  21 

Aug.  28 

Sept.  4 

Sept.  11 

Sept.  18 

Sept.  p 

Oct.  2 


Des 
plaines 
River 

at 
JoUet. 


im-  , 

River 

at 
Avery- 
vllle.   I 


im- 

nois 
River 

at 
Graf- 
ton. 


Mlssls- 

Rrvcr 

at     I 
Graf- 
ton.   I 


t 


Missis- 

above 
Alton. 


Missis- 

at 
Hart- 
ford. 


0.25  I 
.25 
.50  I 
.30 
.20  1 
.30  j 
.35 
.35 
.40 
.20 
.25 
.20 
.10 
.17 
.50 

0 

0 

0 

0 

0 

0 

0 

.15 
.12 
.12 
.15 
.10 
.15 
.12 
.11 
.15 

0 


0.25 
.30 
.50 
.60 
.25 
.35 
.30  j 
.40  ! 
.30' 
.20 
.25 
.10  , 
.10  . 
.15 
.05 
.05 

0 

0 

0 

0 

0 

0 

.05 
.08  , 
.12  I 
.13, 
.19  I 
.24  ' 
.13 

.27 ; 

.15 
.04 


I 


I 


2.95 
1.85 
1.55 
1.25  , 
1.20 
1.35  I 
1.00  i 

.82  . 

.95  , 
1.00 
1.15 
1.30 
1.30 

.80 

.60 

.67 

.80 

.55 

.55 

.75 

.70 

.75 

.40 

.30 

.40 

.50 

.55 

.56 
1.25 
1.30 
1.05 
1.35 
1.60 
1.35 
1.75 
1.50 
1.70 


2.55 
1.85 
2.05 
1.15 
1.05 
1.45 
.80 
1.05 
1.15 
1.00 
1.10 
1.05 


.85 
.65 
.45 
.55 
.45 
.65 
.55 


.65 
.45 
.40 
.40 
.40 
.46 
.35 
.95 
.80 
.95 
1.15 
1.00 
1.25 
1.00 
1.20 
1.20 


a50 
.60 
.70 
.50 
.50 
.70 
.60 
•70  . 
.60  [ 
.20 
.60  , 
.80 
.60 
.50  I 
.20 
.20 
.33 
.20 
.20; 
.05  I 
.10 

0  : 

.15  I 

.05 

.10 

.15  I 

.25 

.20  ' 

.15 

.10 

.45 

.45 

.55 

.45 

.20 

.30 

.40 


1.35 
1.20 
1.35 
.85 
1.00 
.05 
.70 
1.05 
1.10 
.75 
1.05 
1.15 
1.05 
.90 
.65 
.35 
.50 
.40 
.40 
.40 
.40 
.45 
.40  I 
.30 
.25 
.30 
.30 
.33 
.45 
.30 
.75 
.80 
.80 
.70 
.50 
.60 
.65 


at  Fort 
Belle- 
fon- 
taine. 


1.50 
1.40 
1.15 

.95 

.95 
1.10 

.75 
1.00 
1.15 

.95 

.90 
1.10 
1.10 

.80 

.50 

.40 

.44 

.35 

.35 

.35 

.30 

.40 

.35 

.20 

.25 

.30 

.30 

.25  I 

.35 

.30 

.65 

.75  I 

.75  I 

.65 

.45  ! 

.55  I 

.50  I 


Missis- 


Rive 


souri      River 
River  at  Chain 


of 
Rocks, 
Mis- 
souri 
stioie. 


Missis-    Missis- 
sippi      slppi 
River  |  Rhrer 
at  Cliain  at  Chain 
of      I      of 
Rocks,    Rocks, 
intake     lUinois 
tower.  1  shore. 


a35   0.60 

.35 50 

.55 65  , 

.45 80 

.35 55 

.60 70 

.80    .80 

1.35    '        1.10 

1.10  i I  .90 

.95    '  .60 

.35  i '  .55 

.50' 70 

.55 55 

.65 60 

.60 45 

.50 45 

.50 55 

.35 45 

.35    ,  .35 

.30    1  .30 

.20    1  .30 

.20    1  .20 

.25    .25 

.20  > .20 

.25  ' :.\  .25 

.20' .25 

.40' .40 

.30  I .35 

.40    .45 

.30   .40 

.75    .45 

.90    1  .76 

.95    1  .75 

.70    '  .55 

.65    ,  .55 

.85    1  .75 

.85    1  .70 
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Table  19.—Re$uU$  of  sanitary  analyses  of  water  from  designated  points^  January  to 
October,  ;50a~Continued. 


CHLORINE. 


Week 

begin- 
ning- 

Bear 
Trap 
dam, 
Lock- 
port. 

Des- 
plaines 
^ver 

at 
JoUet. 

im- 

nois 
River 

at 
Avery- 

vUle. 

Illi- 
nois 
River 

at 
Graf- 
ton. 

Missis- 

at 
Graf- 
ton. 

Missis- 

at 
Alton. 

Missis- 
sippi 
River 

at 
Hart- 
ford. 

Mis-      Missis- 
souri       sippi 
River  River  at 
at  Fort  Chain  of 
BeUe-     Rocks, 

fon-        Mis- 
talne,      souri 

Mo.       shore. 

Missis- 
sippi 
River  at 
Chain  of 
Rocks, 
intake 
tower. 

~     23 

Missis- 
sippi 
River  at 
Chain  of 
Rocks, 
Illinois 
shore. 

Jan.  23 

23 

18 

8 

12 

12 

28 

26 

10 

Jtn.  30 

......'.'. 

21 

21 

9 

15 

14 

29 

25 

25 

12 

Feb.    6 

17 
12 
15 
12 

14 
11 
10 
10 

8 
6 
6 
6 

12 
9 
9 
9 

11 
8 
9 
8 

22 
33 
23 
21 

23 
27 
22 
21 

16 

16 
14 

18 

12 

Feb.  13 

8 

Feb.  20 

10 

Feb.  27 

is 

........ 

26 

8 

Mar.    6 

15 

32 

14 

7 

6 

7 

7 

12 

22 

10 

8 

Mar.  13 

19 

19 

8 

7 

5 

6 

6 

11 

11 

9 

6 

Mar.  20 

15 

10 

6 

6 

4 

7 

7 

12 

13 

8 

6 

Mar.  27 

18 

18 

8 

6 

5 

7 

7 

^16 

15 

8 

7 

Apr.    3 

18 

23 

8 

7 

5 

7 

7 

18 

18 

10 

7 

Apr.  10 

14 

22 

9 

7 

5 

7 

7 

11 

14 

9 

Apr.  17 

16 

27 

11 

8 

5 

7 

7 

12 

12 

9 

Apr.  24 

13 

19 

11 

8 

4 

7 

7 

13 

12 

10 

idy    1 

13 

19 

12 

9 

4 

8 

8 

14 

14 

10 

Maj    8 

13 

22 

15 

10 

4 

8 

7 

12 

13 

9 

May  15 

11 

19 

17 

9 

4 

10 

9 

14 

12 

10 

9 

Mar  23 

12 

18 

14 

7 

4 

9 

9 

13 

12 

11 

8 

May  29 

11 

20 

11 

12 

4 

9 

7 

13 

12 

11 

8 

Jane    5 

13 

23 

16 

12 

4 

9 

8 

14 

12 

12 

9 

Jane  12 

15 

23 

16 

14 

5 

9 

8 

11 

11 

10 

10 

June  19 

13 

21 

20 

12 

5 

9 

9 

11 
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9 
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12 

28 

19 

15 

4 

10 

10 

22 

22 
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10 
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20 

42 

18 

16 

4 

10 

9 

17 

15 

13 

9 
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17 

55 

22 

15 

3 

8 

9 

19 

14 

13 

8 

Sept  25 

15 

27 

25 

16 

3 

8 

6 

21 

18 

15 

0 

Oct    2 

11 

20 

27 

16 

2 

6 

« 

13 

12 

' 

5 

In  discussing  the  results  set  forth  in  Table  19  the  witness  stated 
that  the  determinations  in  samples  taken  from  the  Chicago  drainage 
canal  at  Lockp>ort,  from  Desplaines  River  at  Joliet,  and  from  Illinois 
River  3  miles  above  Peoria  show  that  the  water  undergoes  little 
change  and  practically  no  improvement  in  passing  from  the  first  to 
the  third  point  and  that  the  high  free  ammonia  and  nitrites  which  are 
found  to  persist  in  the  Peoria  water  present  unmistakable  evidence 
that  it  has  not  yet  reached  its  final  process  of  purification.  The  wit- 
11688  caUed  attention  to  the  alleged  coincident  fluctuations  which  take 
place  at  all  three  points.  Whenever  there  is  an  increase  in  the  pro- 
portion of  any  or  all  of  the  ingredients  determined  at  Lockport  there 
follows  in  due  time  a  corresponding  increase  in  the  same  ingredients 
&t  Joliet  and  Peoria.  This  was  mentioned  by  the  witness  as  proving 
absolutely  that  the  character  of  the  water  at  Peoria  is  governed  by 
that  of  the  drainage  canal.     (1204-1207.) 
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Comparing  the  results  of  samples  taken  from  Ulinois  River  above 
Peoria  and  above  Grafton,  the  witness  stated  that  after  the  opening 
of  the  canal  there  was  an  increase  in  chlorine  from  an  average  of  21 
to  28  parts  per  milUon  at  Peoria  and  from  15  to  23  parts  at  Grafton, 
while  the  fluctuations  in  nitrites  and  free  ammonia  correspond. 
During  the  summer  months  the  increased  anaerobic  action  below 
Peoria  causes  divergence  in  the  figures.     (1207-1209.) 

The  witness  then  testified  with  reference  to  the  effect  of  Peoria  sew- 
age on  Illinois  River.  The  total  daily  discharge  from  Peoria  sewers, 
based  on  a  poulation  of  56,100  and  150  gallons  of  sewage  per  capita 
per  day,  would  be  8,415,000  gallons,  or  1,122,000  cubic  feet.  As  at 
the  time  of  testimony  the  sewerage  system  at  this  city  had  been 
extended  to  serve  only  47  per  cent  of  the  population,  the  actual  dis- 
charge based  on  the  above  factors  would  be  527,000  cubic  feet  per 
day.  The  minimum  flow  of  Illinois  River  at  Peoria,  according  to  the 
measurements  of  Lyman  E.  Cooley,  was,  before  the  opening  of  the 
drainage  canal,  72,000  cubic  feet  per  minute;  the  discharge  of  the 
drainage  canal  is  250,000  cubic  feet  per  minute,  so  that  the  minimum 
flow  of  Illinois  River  at  Peoria  after  the  opening  of  the  canal  was 
322,000  cubic  feet  per  minute.  The  witness  then  used  the  value 
1,122,000  cubic  feet  per  day,  or  779  cubic  feet  per  minute,  to  represent 
the  flow  of  sewage  from  Peoria,  notwithstanding  the  fact  that  he  had 
testified  that  the  real  flow  of  sewage  was  only  47  per  cent  of  this 
amount.  Comparing  this  calculated  sewage  flow  with  the  minimum 
flow  of  the  river,  he  deduced  a  ratio  of  dilution  1  :  413.  He  then 
expressed  his  opinion  that  were  the  water  of  Illinois  River  as  it  came 
down  to  Peoria  comparatively  pure  instead  of  being  highly  polluted, 
the  effect  of  this  dilution  of  Peoria  sewage  would  be  such  that  the 
river  would  purify  itself  after  running  25  to  50  miles.  Therefore  the 
effect  of  Peoria  sewage  on  Illinois  River,  so  far  as  the  St.  Louis  water 
supply  is  concerned,  is  negligible.     (1211-1215.) 

The  witness  claimed  that  the  figures  show  Illinois  River  above 
Grafton  to  be  particularly  unstable  in  comparison  with  the  Missis- 
sippi above  the  mouth  of  the  Illinois  by  reason  of  fermentative 
changes  which  were  taking  place.  Along  with  these  figures  were 
given  the  relative  gage  heights  in  both  streams,  which  supported  the 
witness's  contention  that  the  variations  taking  place  in  the  waters  of 
the  two  rivers  are  not  due  to  any  flood  effects,  because  there  were  no 
significant  relative  differences  in  the  stages  of  the  rivers  during  the 
period  of  examination.  During  the  latter  part  of  February  and  the 
month  of  March  there  was  a  rise  in  both  rivers,  resulting  in  an  increase 
in  the  free  ammonia;  but  after  the  rivers  had  receded  to  ordinary 
stage  the  difference  in  the  free  ammonia  practically  disappeared. 
Throughout  the  year  the  nitrites,  nitrates,  and  chlorine  were  much 
higher  in  the  Illinois  than  in  the  Mississippi.     (1209-1211.) 


TESTIMONY  OP   WILLIAM   C.  TEICHMANN.  59 

Conc^uing  the  results  of  examination  of  water  from  Dlinois  River 
3  miles  above  Grafton  and  from  Mississippi  River  above  Grafton, 
above  Alton,  and  at  Hartford,  the  witness  claimed  that  the  evidence 
shows  that  the  fluctuations  in  amounts  of  diflFerent  ingredients  in 
Illinois  River  samples  are  accompanied  by  similar  fluctuations  in 
samples  from  Mississippi  River  above  Alton  and  at  Hartford,  while 
the  samples  of  Mississippi  River  above  Grafton  show  no  such  relation, 
demonsteiting,  in  his  opinion,  that  Illinois  River  pollution  markedly 
affects  Mi^issippi  River  at  Alton  and  Hartford  and  excluding  the 
possibiUty  that  such  an  effect  might  have  arisen  in  the  Mississippi 
above  the  mouth  of  the  DUnois.     (1215-1217.) 

Continuing,  the  witness  discussed  the  resemblance  appearing 
between  the  water  from  Missoiui  River  at  Fort  Bellefontaine  and  that 
from  Mississippi  River  at  Chain  of  Rocks,  near  the  Missouri  shore. 

He  then  took  up  the  results  of  the  examinations  made  at  three 
points  along  the  cross  section  of  Mississippi  River  at  Chain  of  Rocks, 
and  from  a  consideration  of  the  total  soUds,  chlorine,  and  nitrites 
advanced  the  idea  that  the  water  entering  the  intake  tower  in  the 
middle  of  the  river  partakes  of  the  character  of  that  from  either 
shore  and  is  generally  a  definite  mixture  of  both.  It  was  pointed 
out  that  Missoiui  River  water  contains  a  higher  proportion  of  total 
solids  and  chlorine  than  that  from  Mississippi  or  Illinois  rivers,  while 
the  nitrites  in  the  two  latter  streams  are  generally  higher  than  in  the 
former.  When  the  Missoiui  is  high  and  the  Mississippi  low  the  water 
from  the  former  predominates  in  the  intake  tower,  and  when  the  Mis- 
sissippi is  higher  than  the  Missouri  the  reverse  condition  is  main- 
tamed.  The  witness  further  explained  that  the  occurrence  of  a 
higjiier  propjortion  of  chlorine  in  the  Missouri  water  is  due  to  the  influx 
of  water  from  Kaw  River,  which  drains  extensive  salt  countries  in 
Kansas,  while  the  high  proportion  of  total  soUds  in  the  Missouri 
water  is  due  to  the  character  of  the  soil  drained  and  the  erosion 
caused  therein,  and  he  asserted  without  qualification  that  although 
Missouri  River  water  contains  a  higher  proportion  of  albuminoid 
ammonia  it  is  not  accompanied  by  high  free  ammonia  and  jiitrites, 
proving  that  the  organic  matter  is  derived  from  vegetable  rather  than 
from  animal  sources.     (1217-1225.) 

The  witness  then  presented  a  series  of  tables  designed  to  show  the 
percentage  of  Missouri  River  and  Mississippi  River  water  entering  the 
intake  tower  during  the  period  from  January  24  to  October  10,  1900, 
based  on  the  determinations  of  total  soUds  in  samples  taken  from 
Mississippi  River  at  Hartford,  the  lowest  sampling  point  above  the 
mouth  of  Missouri  River;  from  the  Missouri  at  Fort  Bellefontaine;  and 
from  the  intake  tower  at  the  waterworks.  These  values  being  given, 
the  percentages  of  water  from  each  river  at  the  intake  are,  according 
to  the  witness,  accurately  and  easily  calculated,  as  shown  in  Table  20. 
(1226-1240.) 
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It  will  be  observed  that  when  the  vhIuo  lor  total  solids  at  the 
is  intermediate  between  thotse  at  the  other  two  points  the  pereai 
are  calculated  on  the  hasb  of  an  equal  mixtur**  of  the  liiui 
When  ihk  yalue  is  greater  or  less  than  the  other  two^  huwefi 
assume il  that  all  the  water  comes  from  the  river,  showing  i 
tively  the  greater  or  less  content  of  total  sohds, 

Ta&LS  *M.— Total  mlids  in  gamphs  coll^ied  at  Fort  BdUf»tUmn^\  Hmtfofd, . 
Louis  tpoitrworbs  iniakt,  and  percgrUage*  of  Missouri  Rivrt  and  Uimim^ 
imtrr  enlmn^  inUike,  Januesry  04  to  Oeii^ier  10,  1900. 
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-Total  Bolids  in  tampUs  collected  at  Fort  Belief ontaine,  Hartford^  and  St. 
terworks  intake^  and  percentages  of  Missouri  River  and  Mississippi  River 
Ting  intake^  January  24  to  October  10,  1900 — Continued. 


Date. 


Total  solids  (parts  per  million). 
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Tahlb  20.—  Total  soIuIm  in  mmpkn  colkcUd  at  Fort  Bdlrfontnifu,  HttHfai,  M 
L(fuui  waieruforks  infakr,  arid  pcrcentag/s  of  Miucufi  Rivi^r  and   Mistim^fp 
natrr  rjitering  intake,  January  24  io  OHobrr  JO,  J 900 — Continued. 
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Votdl  $6lidM  in-  tamples  collected  at  Fort  Bellefontaine,  Hartford,  and  St. 
works  intake^  and  percentages  of  Missouri  river  and  Mississippi  River 
%g  intakey  January  24  to  October  10, 1900 — Continued. 


TDtal  solidH  (part  a  per  ntUUon). 


Fort 

BeJte- 

fontalzts. 


InlAke. 


Hftrt- 


Btffei^iioo  be- 
tween^ 


Fort 

lontnliie 
and 
Hert- 
ford. 


Intake 
And 
Hart- 
ford. 


Pterccnt&gfi  of  WH- 
Ur  entering  In- 
takx)— 


IflMourl 
River. 


Rlvflf. 


1,213 
1,110 

him 
ttiae 

3.  son 

3*2W 

2,355 

i,»7n 

J,TS5 

l,S4fl 

1,990 

a,  raff 

2,«T7 

3.*i« 

2,57S 
2,JW7 


1.12R 
1,125 
]|315 
1.450 
hAlA 

I  Am 

U43A 
1,2-10 

\,(m 

l.fMS 
431 

900 
900 
«S^ 

(170 

l.ftOO 
1,920 
1,980 
J,M& 
l.fl^A 
],A00 

1,^0 
1,373 

1,330 
1,1»0 

lo^ 
1,037 
l.ffTS 
2,0^6 
2,155 


37fi 
375 
430 
42(» 
445 
305 
370 
ZSA 
352 
340 
359 
340 
3lfl 
208 
345 
330 
300 
340 
311 
311 
313 
337 
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3(10 
33t) 
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V£i 
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100 
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3fi5 
448 
4,W 
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376 
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3S7 
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370 
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lesignated  as  Complainant's  Exhibit  No.  60,  showing  dia- 
ally  the  records  of  typhoid  fever  in  St.  Louis  for  1895  to 
sive,  and  for  190Q  in  connection  with  the  percentage  of 
River  water  entering  the  intake  from  January  24  to  Octo- 
0,  calculated  from  the  total  solids  as  described,  was  then 
>y  the  witness.  He  claimed  that  a  great  increase  in  the 
of  Mississippi  River  water  entering  the  intake  in  1900 
d  in  due  time,  a  proper  period  of  incubation  being  allowed, 
ase  in  the  typhoid  rate  of  the  city.  He  further  remarked 
increase  was  very  much  higher  than  the  average  for  the 
previous.  He  called  attention  to  the  variations  in  the 
:e  of  1900.     (1240-1242.) 
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According  to  these  calculations  it  appears  that  on  or  about  Feb- 
ruary 6  100  per  cent  of  Mississippi  River  water  entered  the  intake 
tower,  followed  by  90  per  cent  February  21.  During  the  week  begin- 
ning February  20  there  was  an  increase  in  the  number  of  cases  re- 
ported, and  it  reached  a  maximum  of  40  during  the  week  endmg 
March  13.  There  was  a  sharp  decline  after  this  and  the  rate  remained 
comparatively  low  until  the  week  ending  September  4,  when  there 
was  a  considerable  increase,  continuing  until  a  maximum  of  102  cases 
was  reached  during  the  week  ending  October  2,  after  which  there  was 
another  sharp  decline.  This  latter  increase  was  preceded  by  an 
increase  in  the  proportion  of  Mississippi  River  water  entering  the 
intake,  but  the  percentage  was  not  at  any  time  previous  to  the  apex 
of  the  outbreak  greater  than  50,  and  this  occurred  only  on  two  days — 
August  30  and  31.  Inasmuch  as  the  chart  is  not  presented  in  this 
review,  it  is  fair  to  state  that  immediately  after  the  outbreak  which 
reached  its  height  March  13  and  declined  sharply  thereafter,  the 
rate  remaining  low  for  the  remainder  of  the  summer,  a  larger  pro- 
portion of  Mississippi  River  water  entered  the  intake  than  at  any 
other  time  during  the  investigation.  March  15  the  proportion  ol 
Mississippi  water  began  to  increase,  reaching  100  per  cent  March  24 
and  remaining  practically  at  that  point  for  a  week.  This  was  notj 
however,  followed  by  any  increase  in  typhoid,  but,  on  the  contrary, 
the  rate  declined  and  remained  low  during  the  subsequent  heavj 
influx  of  Mississippi  water  between  April  17  and  26. 

The  witness  then  discussed  the  chart  representing  diagrammati- 
cally  the  comparison  of  samples  of  water  from  the  intake  tower  witl 
those  taken  from  the  reservoir  after  two  days^  sedimentation  an<! 
with  those  from  the  tap  in  the  city  chemist's  office.  It  was  notec 
that,  although  the  water  had  passed  through  the  sedimentatioi 
reservoir  and  85  per  cent  of  its  suspended  matter  had  been  removed 
its  condition  as  it  left  the  reservoir  and  was  drawn  from  the  tap  wai 
not  greatly  improved  over  its  condition  at  the  intake  tower.  J 
marked  increase  in  the  free  ammonia  and  nitrites  in  the  intake  watei 
was  followed  by  similar  increase  in  these  ingredients  at  the  two  othe 
points.  Therefore,  in  the  opinion  of  the  witness,  from  the  standpoin 
of  actual  purification  the  reservoir  can  not  be  said  to  be  highl; 
effective. 

Doctor  Teichmann  then  called  attention  to  an  unusual  rise  in  th 
proportion  of  free  ammonia  and  nitrites  in  the  early  part  of  1900,  an< 
stated  that  none  of  the  analytical  results  on  record,  representini 
analyses  made  during  twenty  years  previous,  had  shown  so  remark 
able  a  quantity  of  free  ammonia  and  nitrites  at  the  intake  tower,  th 
reservoir,  or  the  tap.  Such  an  increase  was  marked  all  along  lUinoi 
River  t^  its  mouth  and  at  the  various  sampling  points  along  Missi? 
sippi  River  down  to  the  intake  tower.     No  corresponding  increas 
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occurred  in  the  water  of  Mississippi  River  above  the  mouth  of  the 
Illinois  nor  in  the  Missouri,  and  all  of  it  occurred  directly  after  the 
opening  of  the  drainage  canal  in  January,  1900.  The  analyses  of 
samples  taken  at  the  various  points  in  1899  previous  to  the  opening 
of  the  canal  and  in  1900  after  such  opening  being  compared,  the 
general  result  was  shown  to  be  that  there  were  evidences  of  increased 
pollution  all  along  the  course,  from  Desplaines  River  at  Lockport 
even  down  to  the  intake  tower  and  the  tap  in  the  laboratory  of  the 
city  chemist.     (1242-1246.) 

The  testimony  of  the  witness  was  then  directed  to  investigations 
subsequent  to  that  of  1900.  He  stated  that  a  number  of  samples 
were  collected  between  October  12  and  November  30,  1901,  from 
points  in  Illinois  River,  but  inasmuch  as  they  were  not  collected 
regularly,  the  results  were  not  included  in  the  evidence.  Samples 
were  collected  daily  during  these  two  months  from  Mississippi  River 
along  a  cross  section  at  Chain  of  Rocks,  near  the  Missouri  shore,  at 
the  intake  tower,  and  near  the  Illinois  shore.  The  results  show  that 
the  water  along  the  Illinois  shore  was  at  all  times  more  polluted  than 
that  along  the  Missouri  shore,  while  that  at  the  intake  was  a  mixture 
of  the  two,  partaking  of  the  nature  of  one  side  or  the  other  according 
to  the  relative  heights  of  Mississippi  and  Missouri  rivers.    (1246-1247.) 

The  witness  presented  a  series  of  charts  which  were  admitted  in 
evidence  and  marked  for  identification  as  Complainant^s  Exhibits 
Xos.  62  to  70,  inclusive.  The  charts  contain  statements  in  diagram- 
matic form  of  weekly  average  results  of  analyses  of  water  during  this 
period  from  the  various  sampling  points  mentioned,  these  averages 
being  combined  in  a  series  intended  to  bring  out  more  clearly  the 
points  which  the  witness  considered  important  in  establishing  the 
case  of  the  complainant.  The  results  are  included  in  Table  21. 
IBB  194 — 07 5 
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Table  21. — Weekly  average  results  of  analyses  of  voater  at  various  points^  October  and 

November,  1901. 


FREE  AMMONIA. 


Sampling  point. 


Week  ending— 


<  k't.  4« ,  OcLll.  UCt.  lik  Uvl.2o.  Sov.  L.  Nov.  8.  Nov.  15.  Nov. 22. 


Illinois    and    Michigan    Canal    at 
B  ridgeport , 

Illinois  and  Michigan  Canal  at  Lock- 
port  

Chicago  drainage  canal  at  Bridgeport 

Chicago  drainagr  canal  at  Bear  Trap  i 
dam 

Desplaines  River  above  Lockport... 

Dcsplaines  River  at  Ruby  street, 
Joliet 

Desplaines     River    at     Brandon's 
bridge.  Joliet 

Illinois  River  at  La  Salle. 


9.70       14.25 


20.82 
.95 


17.54 
.97 


1.32    I     1.33 
.08    ,      .09 

3.275  ,    2.925 


3.38 


Illinois  River  at  Averyville 

Illinois  River  at  Pekln 

Illinois  River  at  Kingston 

Illinois  River  at  Beardstown. 

Illinois  River  at  G  raf ton 

Mississippi  River  at  Grafton 

Mississippi  River  at  Alton 

Mississippi  River  ac  Hartford 

Missouri  River  at  Fort  Belief ontai no. 
Mississippi  River  at  intake  tower. 

Chain  of  Rocks 

Outlet,  St.  Louis  reservoir 

Tap  in  city  chemist's  office,  St.  Louis. 


.018 
.228 
295 
.355 


2.93 
.475 
.232 
.185 
.390 
.435 


;   .070 

.070  1 

'   .070 

.073 

.063 

.070  1 

.068 

.070 

.077 

.067 

.060 

.055 

.057 

.050 

11.72 

12.80 

10.60 

17.02 

15.25 

17.75 

.79 

1.06 

1.18 

1.17 

L34 

L28 

.11 

.04 

.03 

2.487 

2.275 

2.475 

2.48 

2.27 

2.45 

.462 

.437 

.625 

.280 

.283 

.225 

.240 

.270 

.210 

.385 

.615 

.350 

.364 

.410 

.390 

.140 

.095 

.085 

.065 

.072 

.055 

.077 

.075 

.055 

.080 

.080 

.055 

.090 

.065 

.050 

.085 

.042 

.062 

.045 

.035 

.063 

.048 

.030 

22.12 
I    2.37 


18.70 
.55 


1.24 

.96 

.04 

.04 

2.895 

2.805 

2.90 

2.93 

.750 

1.125 

.350 

.510 

260 

.510 

.430 

.720 

.270 

.550 

.70 

.065 

.045 

.045 

.045 

.045 

.054 

.040 

.063 

.078 

.060  .068 
.035  ,  .044 
.030         .045 


NITROGEN  AS  NITRITES. 


Illinois    and    Michigan    Canal    at 

Bridgeport , 

Illinois  and  Michigan  Canal  at  Lock-  I 

port I 

Chicago  drainage  canal  at  Bridge-  , 

port ' 

Chicago  drainage  canal  at  Bear  Trap  | 

dam 

Dcsplaines  River  above  Lockport.. . 
Desplaines   River  at   Ruby  street,  i 

Joliet 

Desplaines     River    at     Brandon's 

bridge,  Joliet 

Illinois  River  at  La  Salle ' 

Illinois  River  at  Averyville 

Illinois  River  at  Pekln 

Illinois  River  ai  Kingston I 

Illinois  River  at  Beardstown I 

Illinois  River  at  Grafton 

Mississippi  River  at  Grafton 

Mississippi  River  at  Alton 

Mississippi  River  at  Hartford ' 

Missouri  River  at  Fort  Bellofontalno. 
Mississippi  River  at  intake  tower. 

Chain  of  Rocks 

Outlet.  St.  Louis  res4'rvoir 

Tap  in  city  chemist's  olTice  St.  Louis. 


0.0090 
.0000 


.0102 
.000 


.0700  , 


0.0200  I  0.0120  !  0.0170  0.0110  |  U.0140  |  0.0120 
.0000  I  .0000  I  .0012   .0013  I  .0030   .0020 


.106 

.120 

.130 

.050 

.0005 

.012 

.015 

.0010 

.0020 
.0020  I 
.0020 


.0130 

.0102 
.000 

.060 

.0691 

.172  I 

.154 

.117 

.174 

.131 

.045 

.ooa3 

.006 
.010 
.0015 

.0010 
.0010 
.0015 


.0080  I  .0120  '  .0030   .0030 


.0110 
.0005 

.071  ! 

.0710 

.156 

.111 

.099 

.114 

.098 

.053 

.0002 

.005 

.011 

.0015 

.0015 
.0015 
.0015 


.0050 


0070 

.0130 

.0120 

.0090 

000 

.0005 

.0015 

.0010 

075 

.063 

.056 

.031 

0750 

.0630 

.0561  ' 

.0312  > 

154 

.116 

.119  1 

.064  1 

090 

.079 

.076 

.076 

089 

.091 

.073 

.066 

114 

.086 

.094 

.076 

102 

.089 

.074  1 

.060 

033 

.034 

.039  1 

.096 

0002 

.0007 

.0005  , 

.0015  , 

002 

.0025 

.0025  1 

.0035 

008 

.008 

.012  1 

.010  I 

0010 

.0035 

.0065  j 

.0065 

0020 

.0035 

.0050 

.0060  ' 

0010 

.0030 

.0040  1 

.0060  , 

0010 

.0020 

.0020 

.0040 
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Table  21. — Weeldy  average  resuUs  of  analyses  of  water  at  various  points,  October  and 
November,  1901 — Continued. 


NITROGEN  AS  NITRATES. 


Sampling  point. 

Week  ending— 

Oct.  4. 

Oct,  11. 

Oct.l& 

Oct.  25. 

Nov.l. 

0.07 

.06 

.14 

.07 
.05 

.20 

.20 
1.90 
L95 
1.80 
L71 
L52 
1.80 
.10 
.13 
.58 
.54 

.53 
.47 
.50 

Nov.  8. 

Nov.  16.  Nov.  22. 

IlUnois   and    Michigan    Canal    at 
Bri<^[eport 

0.09 

.04 

.14 

.06 
.06 

.29 

.29 

0.16 

.11 

.11 

.09 
.12 

.24 

.24 

2.00 

1.97 

1.03 

L80 

1.56 

L64 

.12 

.30 

.50 

.50 

.48 
.43 
.45 

0.06 

.06 

.07 

.03 
.06 

.25 

.26 

L97 

2.15 

203 

1.91 

L85 

L70 

.10 

.20 

.52 

.65 

.47 
.40 
.37 

0.07 

.06 

.06 

.04 
.05 

.21 

.22 
L97 
1.97 
1.93 
1.85 
1.73 
1.66 
.10 
.16 
.65 
.65 

.50 
.40 

.47 

0.20 

.15 

10 

.14 
.08 

.21 

.22 
1.85 
1.97 
L80 
L84 
1.78 
1.42 
.12 
.20 
.61 
.61 

.60 
.45 
.45 

0.09 

.11 

.10 

.07 
.05 

.15 

.15 
1.35 
1.80 
1.70 
1.74 
1.70 
1.34 
.10 
.10 
.45 
.56 

.53 
.40 
.43 

0.15 

mbwU  and  Midiigan  Canal  at  Lock- 
port 

.11 

Cbicago  drainage  canal  at  Bridge- 

.11 

Oucago  drainage  canal  at  Bear  Trap 
dan 

.09 

I>»8pbii»»  River  above  Lockport . . . 
DeraUines   River  at  Ruby  street. 

.06 

15 

Desplames    River    at    Brandon's 
bHdge.JoIict 

.16 

nLnois  River  at  La  Salle 

1.05 

niiooia  River  at  AverjviUe. 

i.82 
L71 
L64 
1.54 
1.76 
.08 

.'56 
.56 

.43 
.42 

.48 

1  55 

minoig  River  at  Peidn 

1.59 

niinois  River  at  Kingston. 

1.50 

niinois  River  at  Beardstown 

Iflinois  River  at  Grafton 

1.57 
1.58 

Misaisstppi  River  at  Alton 

.12 
.12 

ICiMBippi  River  at  Hartford 

Uisaoan  River  at  Fort  Bellefontaine. 
lCis«saippl  River  at  Intake  tower, 

Chain  of  Rocks 

Outlet,  St.  Louis  reservoir 

.48 
.38 

.34 
.36 

Tap  incitydiemist's  office,  St.  Louis. 

.35 

CHLORINE. 


Canal    at 


IQinois    and  Michigan 
Bridgeport 

niinois  and  Michigan  Canal  at  Lock- 
port 

^^Uesgo  drainage  catnal  at  Bridg^ 
port.. 


Chicago  drainage  canal  at  Bear  Trap 

dam 

Dwplalnes  River  above  Locicport . . . 
I^^taines  River  at  Ruby  street, 

E^plsines  River  at  Brandon's 
bridge,  JoUet 

nHnoU  River  at  La  Salle 

niinois  River  at'Averyvilte 
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HfiDois  River  at  Grafton 

ftai^ssippi  River  at  Grafton 

Mlnissippi  River  at  Alton 

Ifisiissippi  River  at  Hartford 

Missouri  River  at  Fort  Bellefontaine. 

HiMisaippi  River  at  intake  tower. 
Chain  of  Rocks 

Ooilet,  St.  Louis  reservoir 

Tap  in  city  chemist's  office,  St.  I^uis. 
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In  discussing  the  above  results  the  witness  repeated  much  of  his  tes- 
timony given  in  connection  with  the  presentation  of  the  results  of 
analyses  for  the  previous  year.  His  remarks  consisted  of  a  general 
indictment  of  the  drainage  canal  and  appear  in  the  record,  pages  1255- 
1276.  Only  a  few  facts  in  addition  to  those  already  mentioned  were 
brought  out.     Among  them  were  the  following: 

That  the  sewage  emptied  into  the  old  Illinois  and  Michigan  Canal 
undergoes  anaerobic  action  and  when  it  is  discharged  into  Desplaines 
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River  is  in  an  advanced  state  of  purification,  so  that  the  aerobic  action 
which  rapidly  takes  place  after  the  effluent  is  discharged  into  the  river 
is  sufficient  to  complete  the  purification  after  a  few  miles  of  flow  in  the 
river  bed.  The  sewage  turned  into  the  new  drainage  canal,  on  the 
other  hand,  reaches  the  discharge  point  at  Desplaines  River  much  more 
quickly  and  the  fermentative  changes  have  hardly  commenced. 
Therefore  it  was  argued  by  the  witness  that  the  discharge  from  the 
drainage  canal  is  carried  much  farther  down  the  river  before  its  final 
purification  takes  place  than  that  from  the  lUinois  and  Michigan 
Canal;  and  he  pointed  to  the  alleged  fact  that  inasmuch  as  the  great 
volumes  of  water  discharged  into  Desplaines  River  from  the  drainage 
canal  markedly  increase  the  rate  of  flow  the  danger  from  the  sewage 
is  much  accentuated  thereby. 

That  the  water  of  Desplaines  River  above  the  point  of  entrance  of 
Chicago  drainage  canal  is  potable. 

That  the  nitrites  at  Joliet  are  lower  than  at  La  Salle  and  Peoria, 
demonstrating,  in  the  opinion  of  the  witness,  that  the  purification  is 
by  no  means  complete  at  Peoria. 

That  the  determinations,  especially  those  of  the  nitrites,  vary  in 
samples  taken  from  the  stations  along  the  lower  reaches  of  the 
stream  coincidently  with  variations  in  the  upper-station  samples, 
irrespective  of  the  flow  of  the  stream,  demonstrating,  in  the  opinion 
of  the  witness,  the  effect  of  Chicago  sewage  on  the  river  water. 

That  the  variations  in  Illinois  River  water  at  Grafton  are  similar 
to  and  coincident  with  variations  at  JoUet.  These  variations  do  not, 
however,  occur  in  the  water  from  Mississippi  River  above  Grafton, 
and  the  analyses  show  that  the  water  from  the  latter  point  is  far  supe- 
rior to  that  from  the  former. 

That  the  excessive  quantities  of  organic  matter  turned  into  Des- 
plaines River  from  the  Chicago  drainage  canal  make  self-purification 
of  the  stream  impossible. 

That  the  figures,  in  addition  to  showing  increased  pollution  caused 
by  the  opening  of  the  drainage  canal  in  January,  demonstrate  also 
tlie  effect  of  closing  the  canal  during  the  following  September.  The 
effect  produced  on  the  sanitary  quality  of  the  water  at  Peoria  and 
Grafton  by  the  opening  of  the  canal  after  this  closing  was  exactly 
similar  to  but  not  as  pronounced  as  the  effect  caused  by  the  original 
opening  of  the  canal  in  January. 

That  the  figures  show  that  the  enormous  pollution  caused  by  the 
flushing  out  of  Chicago  River  and  the  drainage  canal  during  the  period 
from  January  17  to  March  16,  1900,  had  a  marked  effect  on  the  chem- 
ical character  of  the  water  of  Mississippi  River  at  Alton  and  Hartford. 

That  the  water  in  Mississippi  River  at  Chain  of  Rocks  near  the 
Missouri  shore  is  practically  Missouri  River  water  and  is  not  influ- 
nced  to  any  great  extent  by  mixing  with  Mississippi  River  water. 
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That  the  sanitary  quality  of  Mississippi  River  water  as  shown  by 
the  cross-section  samples  at  Chain  of  Rocks  is  distinctly  inferior  to 
tliat  of  the  Missouri. 

That,  although  the  sedimentation  reservoirS  connected  with  the 
St.  Louis  waterworks  system  effect  a  removal  of  85  per  cent  of  sus- 
pended matter  and  44  per  cent  of  bacteria,  the  specific  ingredients 
denoting  pollution  are  by  no  means  sufficiently  removed  when  the 
water  reaches  the  consumer. 

The  witness  then  presented  the  results  of  two  series  of  analyses  of 
water  collected  from  the  points  along  Missouri^  and  Kaw  [Kansas] 
rivers  designated  on  page  50.  These  results  are  contained  in  Table 
22.  The  first  series  extended  from  November  13  to  November  22, 
and  the  second  series  from  November  24  to  December  3.    (1276-1 286.) 

Table  22. — Results  of  analyses  of  water frmrt  Missouri  and  Kaw  rivers  at  stated  points  ^  1901. 

f  Parts  per  million.] 
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due. 


monia. 


Nitrites. 


Nitrates.       Chlorine. 


Oxygen 
consumed. 


1. 

2. 

1. 

2. 

1. 

2. 

1. 

2. 

1.         2. 

1. 

2. 

ICawMiri  River— 

Ahov^  Omaha 

1,325   1,290 
1,074  ,1.05a 

0.062 
.136 

0.056 
.126 

0.004  0.001 
.006     .003 

0.18 
.16 

0.18 
.14 

10.0 
11.5 

11.0 
11.6 

7.1 

0.6 

Below  Omaha 

6.2 

AboveSt.  Joeeph 

1,225   1,135 

.076 

.080 

006 

.22 

.20 

12.5 

16.0 

9.0 

7.1 

Below  St.  Joseph 

Above  Kansas  City. . . . 

1,150  !  

.007 

.26 

7.0 

8.7 

1,152  11,070 

.070 

.116 

.005     .004 

.028 

.24 

24.2 

16.0 

8.1 

6.2 

Below  Kansas  City.... 
Ksw  River  at  Argentine.. 

1,290   1,100 

.112 

.130 

.005     .004 

.24 

18.0 

23.0 

8.5 

6.7 

687       650 

.062 

.036 

.004  t  .000 

.100 

.04 

89.8 

109.0 

7.8 

5.9 

Missoori  River- 

Above  Jefferson  City.. 

1,295   1,055 

.094 

.136 

.005     .008 

.360 

.28 

20.0 

23.0 

9.6 

6.7 

Below  Jefferson  City... 

1,315 

1,005 

.090 

.136 

.006 

.007 

.300 

.26 

21.0 

24.0 

7.4 

6.6 

Above  Hermann 

1,740 

950 

.090 

.106 

.00) 

.005 

.360 

.28 

9.0 

19.0 

9.0 

6.5 

Below  Hermann 

1,155 

170 

.090 

.126 

.005 

.004 

.360 

.26 

18.5 

5.5 

6.4 

Above  St.  Charles 

1,101 

950 

.083 

.246 

.004 

.005 

.560  ' 

.26 

18.5 

23.0 

9.1 

6.5 

Below  St.  Charles 

1,072 

940 

.046 

.112 

.004 

.006 

.620 

1 

.24 

19.0 

23.0 

9.5 

6.6 

The  only  interpretation  which  the  witness  could  make  of  the  data 
contained  in  the  above  table  was  as  follows:  The  chemical  analyses 
show  that  the  Missom*i  River  water  as  analyzed  from  Omaha  down 
to  St.  Louis  has  a  character  of  considerable  stability.  The  results 
are  fairly  uniform  along  the  route,  with  the  exception  that  the  high 
chlorines  coming  from  Kaw  River  increase  somewhat  the  amount  of 
chlorine  in  the  Missouri  between  Kansas  City  and  St.  Louis.     (1287.) 

The  witness  then  discussed  the  fifth  period  of  investigation,  begin- 
ning December  1,  1901,  and  continuing  to  July  1,  1902.  Daily  sam- 
ples were  collected  from  Illinois  River  above  Grafton  until  December 
18,  1901,  and  from  Mississippi  River  a  few  miles  above  Grafton  until 
December  14.  With  the  exception  of  these  samples  taken  above  Graf- 
ton from  the  two  rivers  no  samples  were  collected  during  this  period 
above  Chain  of  Rocks  in  Mississippi  River.  Three  cross  section  sam- 
ples were  taken  at  this  point,  as  in  previous  periods  of  examination; 
a  fourth  was  taken  from  the  outlet  of  the  sedimentation  reservoir;  and 
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a  fifth  froDi  the  tap  in  the  city  chemist's  office.     The  peneml 
of  these  investigations  were  that  fre^  ttmmonia  and  nitrites  freqi 
rose  to  Tery  high  proportions  in  the  samples  from  the  Tllinoia 
Such  increases  were  always  found  to  be  the  n^sult  of  similar  incre 
the  water  of  Illinois  River  above  Grafton.    A  notable  ins  tame  wi 
iag  tile  secontl  and  third  weeks  of  December,  1901,  when  an 
rise  in  free  ammonia  occurred  at  Grafton,  followed  by  a  sinnbrri* 
Chain  of  Rocks,  near  the  Illinois  shore, and  at  the  intake  tower.  1 
persisted  during  the  early  part  of  1 902.     While  the  figures  for  Um 
Jliver  during  this  period  were  higher  thtin  usual  for  this  streim, 
samples  collected  at  the  intake  showed  considerably  more  poW 
and  the  only  inference  to  he  draw-n  is  that  the  excess  of  organic 
came  from  the  Illinois  side  of  the  river.     A  similar  instance  ocruri 
during  the  latter  part  of  March ^  1902.     Throughout  this  whole 
tigation,  ending  July  1,  1902,  and  also  the  sixth  period^  be^i 
October  1,  1902,  and  ending  Januar^^  1,  1903,  the  same  relationsi* 
apparent.     An  increase  in  free  ammonia  and  nitrites,  which  tht^r" 
ness  ac<;epted  as  indicative  of  sewage  pollution  along  the  niinisis  i 
was  always  reflected  in  samples  taken  at  the  intake  tower,  at  theoai 
of  the  aedunentation  basins,  and  finally  in  the  wat^*r  taken  fmin 
tap  at  the  city  chemist's  office  in  St.  Louis «     It  was  the  <M>ntenlimi 
the  witness,  in  summing  up  the  evidence  presented  by  the  chmi 
data  gathered  in  the  various  periods,  that  the  discharge  of  s**^ 
into  Desplaines  River  from  the  Chicago  drainage  canal  is  felt  tlin'^ 
out  Illinois  River  and  down  the  Mississippi.     The  variation-  "  ' 
character  of  the  w^ater  in  the  caiuU  at  Lockport  are  followed  by  <-^- 
variations  at  Peoria  and  these  by  similar  on^  at  Grafton,  tliMui^^ 
pmgre.ssing  onward  even  to  the  water  taps  of  consumers  in  St.  bms^ 
(12S9-1307.) 

CROSS-EXAMINATION. 

The  cross-examiner  sought  to  show  that  the  witn^s  was  not  j' 
fied  in  selecting  records  of  the  lowest  How  of  Illinois  River  as  a  ba^^J^ 
his  determination  of  the  de^ee  of  dilution  of  Chicago  sewage,  wni^i^ 
ing  that  the  mean  stages  of  water  wuuld  ser\^e  bs  a  fair  basis,  Tl^tll> 
the  witness  replied  that  he  did  so  to  calculate  the  lowest  pi 
amount  of  dilution,  although  he  admitted  that  such  a  condition  t« 
uncommon  and  nonrepresentative  and  that  the  mean  stage  of  w^"* 
coidd  readily  he  calculated.  He  stated  that  he  had  sought  ioi^ 
lowci^t  stagCi^  in  the  report  of  Ij^inan  M  Cooley  for  1S90  and  in^^^ 
of  Jacob  A,  Ilarman  in  various  State  board  of  health  publicatiow ^f 
to  1899,  the  avowed  purpose  being  to  show  the  worst  possible  polhit"* 
recorded  on  the  charts  presented  in  ev'dence,     (1380-1382- 

The  cross-examiner  then  sought  to  show  that  the  figures  givro^J 
the  witness  eonceniing  the  minimum  flow  of  the  upper  sectioti  <*i  ^^ 
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Illinois  drainage  basin  (1163-1166)  at  600  cubic  feet  per  second  were 
too  low,  inasmuch  as  by  his  own  statement  the  lowest  recorded  flow  of 
Desplaines  River  was  256  cubic  feet  per  minute,  of  Kankakee  River 
25,200  feet  per  minute,  of  Fox  River  31,339  feet  per  minute,  and  of 
the  Illinois  and  Michigan  Canal  at  La  Salle  37,900  feet  per  minute, 
the  combined  flow  of  which  would  represent  a  far  greater  amoimt  of 
water  than  that  accepted  by  the  witness  as  a  basis  for  his  calculations 
of  sewage  dilution.  The  witness  was  xmable  to  reply  to  this  presen- 
tation, but  fell  back  on  the  reports  of  Messrs.  Cooley  and  Ilarman, 
which  he  quoted  in  his  testimony.     ( 1382-1386.) 

The  cross-examiner  sought  to  show  that  the  calculation  made  by 
the  witness  with  reference  to  the  proportion  of  sewage  per  capita  at 
Peoria  discharged  in  Illinois  River  (1212-1213)  was  unfair,  inasmuch 
as  Peoria  is  a  great  manufacturing  center,  containing  distilleries,  glu- 
cose works,  etc.,  from  which  a  disproportionate  amount  of  organic 
matter  is  discharged  into  the  stream,  and  therefore  the  assumption 
of  a  sewage  discharge  equivalent  to  the  consumption  of  water  was 
unwarranted  and  the  basis  of  calculation  should  be  raised.  This  was 
denied  by  the  witness,  who  contended  that  the  sewage  conditions 
were  representative  of  the  majority  of  other  cities.     (1402-1405.) 

The  cross-examiner  then  took  up  the  statement  made  by  the  witness 
(1213)  that  if  the  water  of  Illinois  River  came  down  to  Peoria  in 
a  potable  condition  the  polluting  effect  of  Peoria  sewage  on  the 
stream  would  be  removed  after  nlnning  a  distance  of  25  to  50  miles 
below  the  city,  and,  presenting  a  supposititious  case  based  on  the  spec- 
ified premises,  asked  the  witness  to  confirm  or  deny  his  former  state- 
ment. Doctor  Teichmann  refused  to  make  a  direct  reply,  but  quali- 
fied his  statement  made  in  direct  testimony  by  asserting  that  chem- 
ical evidences  of  the  pollution  would  be  removed  in  that  distance. 
His  final  reply  to  the  question  was  as  follows:  '*  I  said  chemically;  yes. 
I  didn't  say  that  at  the  time,  but  it  was  understood,  and  if  I  had  been 
asked  the  question  I  would  have  said  so  at  that  time,  that  a  chemical 
examination  of  the  samples  of  water  taken  at  a  point  below  Peoria, 
and  taking  into  consideration  the  general  conditions  of  the  river,  I 
would  say  that  that  sewage  disappears  from  the  channel — that  is,  the 
chemical  result  would  not  show  its  presence.^'     (1405-1410.) 

The  cross-examiner  drew  from  the  witness  the  following  informa- 
tion: The  number  of  wells  in  St.  Louis  in  1899  was  from  3,500  to  4,000 
and  the  number  of  drain-water  cisterns  used  was  about  3,000,  making 
in  all  about  7,000  private  water  supplies  to  be  used  in  the  city.  In 
1900  there  were  1,160  cases  of  typhoid  reported.  Three-fourths 
of  the  patients  had  used  water  from  the  city  supply  only,  while  the 
remainder  admitted  that  they  drank  well  water,  but  frequently  would 
use  the  city  supply  in  addition.     (1436-1437.) 
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The  eross-exan^iner  endeavored  to  establish  the  allegation  thglH 
apparent  increase  iii  tlie  number  t»f  typhoid  cases  in  St.  LouLs  ^laifl 
due  to  greater  incidence  of  the  disease,  but  to  more?  faithful  reportH 
to  the  health  department  on  the  part  of  tlie  practicing  phmciinfl 
the  city.  He  procured  an  admission  from  the  witness  tliat  in  194H 
special  letter  Mas  sent  out  to  all  physicians  in  the  city  calling  uttcolfl 
to  the  fact  that  the  law  required  them^  under  penalty,  to  rejHtrrB 
coses  of  typhoid  fever  occurring  in  tlieir  practice  and  that  for  tti^sfn 
years  previous  no  special  elfort  had  been  made  to  obtain  coniplitofl 
with  this  law.  The  witness  stated  that  there  had,  neveribks 
always  been  general  discussion  in  connection  with  the  potahititY«ifd 
water  supply^  and  w^arnings  liad  frequently  been  issued  by  the  Ik^tlfl 
department  against  the  use  of  the  city  water.     (1439-1442.)         M 

The  witnes^s  then  admitted  that  during  the  five  years  previoura 
1900  the  St.  Ijouis  woter  was  not  potable  and  required  bi>ilingor6lM 
tion  (o  make  it  safe.  He  asserted,  however,  that  it  had  become uw 
after  the  opening  of  the  canal,  and  stated  his  belief  that  th*^  pnlhtia 
of  tlie  *St,  I^uis  supply  previous  to  the  opening  of  the  canal  vti 
derived  from  Illinois  River  and  that  from  a  chemical  standpoiuitkl 
wMfM'  from  Missouri  River  had  been,  and  was  at  the  time  of  tlu^Mfl 
jnony,  in  a  potable  condition.     (1446-1448.)  I 

On  being  questioned  with  reference  to  the  distance  w  hicb  a  stmd 
must  flow  in  order  to  purify  it^self,  the  witness  stated  that  ir  vitm 
not  he  given  offhancb  but  would  requin^  careful  consideration  of  rW 
local  conditions  J  the  volume  of  water,  it^s  character,  the  ciiwradifl 
of  the  sewaj^e  discharged ,  etc.  He  admitted  timt  he  did  not  k:m\ 
whetlu?r  the  sewage  of  St,  Paul  and  Mimieapt>lis  was  purified  bv  floi^' 
ing  in  MissLssi]ipi  River  from  these  two  cities  to  St,  Louis,  and  ojd- 
fessed  the  same  lack  of  information  concerning  the  sewage  iwB 
McGregor,  Prairie  du  Chicn.  Dubuque,  C-linton,  Quincy,  Burlint^ntrfj. 
Keokuk,  Hock  Island.  Moline,  and  Davenport,     (1460-1464.) 

The  witness  then  modifuH!  hi.s  former  statement  eoneemin^  ik 
potability  of  the  Mississippi  River  water  above  the  mouth  of  Illino^ 
River,  and  stated  that  the  water  is  nut  potable  except  during  iM 
summer  months,  when  the  purification  processes  are  greatly  arc^*k^' 
ated.     (1465-1407.) 

The  cross-examiner  continued  along  this  line  for  the  apparent  pur- 
pose  of  determining  how  the  witness  reconciled  his  statement  concern- 
ing the  potability  of  the  MissL'isipj)i  River  water  above  Grafton,  whii'li 
receives  the  sewage  of  the  above-nauud  cities,  with  his  opinion  t-tifi* 
cerning  the  unpotability  of  the  Illinois  River  water  above  GrafloD- 
The  contention  of  the  cross-examiner  was  that  if  the  witness  hid 
determhied  tliat  the  Mississippi  water  above  Grafton  was  potable  d^fl 
the  irresistible  conclusion  would  he  that  sewage  from  the  above-nanii^i 
cities  must  have  been  puriJied  by  the  time  it  reached  Grafton*  sid 
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such  being  the  case  the  theory  that  polluted  water  becomes  purified  by 
running  a  certain  distance  must  be  correct. 

The  witness  refused  to  make  a  direct  reply,  basing  his  refusal  on  his 
ignorance  of  the  conditions  on  the  drainage  area  without  a  knowledge 
of  which  he  could  not  be  expected  to  give  an  opinion.  For  the  same 
reason  he  refused  to  give  a  direct  reply  to  the  question  whether  or  not 
there  were  any  conceivable  conditions  on  the  Mississippi  drainage 
area  above  Grafton  which  would  change  his  opinion  of  the  potability 
of  the  water,  it  being  assumed  that  his  chemical  data  remained  un- 
changed. Whatever  the  conditions  above  might  be,  he  would  draw 
only  one  conclusion  from  his  data — namely,  that  the  water  was  pota- 
ble during  the  summer  months.  In  short,  he  based  his  conclusion 
solely  on  chemical  data.  Shortly  afterwards,  in  response  to  similar 
questions,  he  gave  an  opinion  diametrically  opposite  to  that  expressed 
in  the  preceding  paragraph,  viz:  "Practically  throughout  the  year  it 
is  permissible  as  a  good  drinking  water. '*  He  added  that  if  he  were 
placed  in  charge  of  the  water  supply  of  Grafton  he  would  advise  the 
use  of  raw  water  from  Mississippi  River  above  the  city.  Being  further 
pressed,  he  admitted  that  there  were  some  authorities  who  would  dis- 
agree with  him  on  the  matter,  and  then  asserted  that  he  supported  the 
views  of  this  very  class  of  authoriti^.  The  witness  then  stated  that  he 
would  render  an  opinion  concerning  the  potability  of  the  water  from 
chemical  evidence,  but  would  supplement  it  in  a  measure  by  bac- 
teriological evidence.  He  then  professed  ignorance  of  any  instances 
in  which  a  water  appeared  to  be  unpolluted  from  chemical  evidence 
but  polluted  from  bacteriological  evidence.  He  stated  that  if  it 
should  exist  the  water  must  be  considered  unpotable.     (1467-1479.) 

The  witness  then  testified  as  follows; 

I  am  testifying  to  the  facts  as  I  found  them  at  the  mouth  of  the  Illinois  River.  What 
the  conditions  are  hundreds  of  miles  above  the  mouth  of  the  Illinois  on  the  Mississippi 
I  am  not  considering.  I  only  ascertained  the  character  of  the  Mississippi  River  water 
3  tnd  5  miles  above  the  mouth  of  the  Illinois.  "  Is  it  good  or  bad?  "  And  I  find  it  pota- 
ble, and  I  have  so  expressed  it.  What  it  might  have  been  miles  and  miles  above  the 
mrmthof  the  Illinois  is  immaterial,  to  my  mind,  in  considering  the  questions  involved 
in  the  inveeitigation  that  1  conducted  these  years.     (1482.) 

The  attention  of  the  witness  was  called  to  the  fact  that  Doctor 
Ravold  had  declared  the  water  of  the  Mississippi  above  Grafton  unfit 
for  domestic  purposes,  and  after  much  circumlocution  he  stated  that 
he  differed  with  Doctor  Ravold  and  held  to  his  opinion.     (1485-1490.) 

The  cross-examination  is  continued  in  the  record  to  page  1697. 
Although  many  different  points  were  taken  up,  no  important  new  facts 
were  enunciated.  The  greater  part  of  the  cross-examination  con- 
sisted of  questions  apparently  designed  to  test  the  qualifications  of  the 
witness  as  an  expert  on  the  interpretation  of  water  analyses  and  the 
general  subject  of  stream  pollution,  and  it  would  seem  to  the  impar- 
tial reader  that  the  credibility  of  the  witness  suffered. 
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EDWARD  H.  KEISBR. 

DIRECT   EXAMINATION. 

• 

Edward  H.  Keiser,  a  witness  called  in  behalf  of  the  complainant,  in 
qualifying  as  an  expert,  made  the  following  statements:  Since  1899 
he  had  been  professor  of  chemistry  in  Washington- University,  St. 
Louis;  for  fourteen  years  previous  he  had  occupied  the  same  position 
in  Bryn  Mawr  College,  Pennsylvania;  for  eighteen  months  previous  to 
that  was  instructor  in  chemistry  in  Johns  Hopkins  University,  Balti- 
more. He  was  graduated  from  Swarthmore  College,  Pennsylvania, 
in  1880,  with  the  degree  of  bachelor  of  science,  and  in  1881  took  the 
degree  of  master  of  science;  in  1884  received  the  degree  of  doctor  ol 
philosophy  at  Johns  Hopkins  University.  In  the  summer  of  1884  he 
studied  at  Freiburg,  Saxony;  in  1887  at  Gottingen,  Germany;  and 
in  1894  at  Heidelberg.  He  had  given  his  entire  professional  life  tc 
chemistry  and  had  been  called  on  during  his  career  to  analyze  manj 
samples  of  water.     (968-97 1 . ) 

The  witness  stated  that  he  had  commenced  his  work  for  the  cit^s 
of  St.  Louis  January  24,  1900,  and  continued  the  analysis  of  sampler 
collected  daily  until  October  11,  following.  A  second  series  of  analy 
ses  was  conducted  extending  from  October  1  to  November  30,  1901 
The  following  determinations  were  made  in  the  analyses  carried  on  h} 
Professor  Keiser:  Total  solids,  free  ammonia,  albuminoid  ammonia 
total  ammonia,  oxygen  consumed,  nitrites,  nitrates,  and  chlorine 
For  the  first  five  determinations  mentioned  the  water  was  used  in  ai 
unfiltered  state ;  the  other  three  were  made  with  filtered  water.  Th< 
methods  used  in  making  these  determinations  were  described  an^ 
the  witness  stated  that  they  were,  in  general,  those  recommended  b] 
the  American  Association  for  the  Advancement  of  Science.     (974-980. 

Samples  from  the  following  points  were  analyzed  in  the  series  n 
1900:  Reservoir  of  St.  Louis  water-supply  system  at  Chain  of  Rocks 
along  the  cross  section  defined  by  Mississippi  River  intake  tower 
Illinois  shore,  and  Missouri  shore;  Missouri  River  at  Fort  Belief  on 
taine;  Mississippi  River  at  Hartford,  above  Alton,  and  above  th 
mouth  of  Illinois  River;  Illinois  River  3  miles  above  Grafton  and  ! 
miles  above  Peoria;  and  Desplaines  River  at  Joliet  and  Lockporl 
(981.) 

The  witness  stated  that  of  the  determinations  made  he  regarde< 
the  nitrites  and  free  ammonia  as  of  chief  importance,  for  the  reasoi 
that — 

The  presence  of  measurable  quantities  of  nitrites  in  drinking  water  is  often  regards 
as  a  sure  sign  of  contamination,  and  a  chemist  finding  a  measurable  quantity  of  nitrite 
in  water  would  condemn  that  water  as  unsafe  for  drinking  purposes;  and  so  free  ammi 
nia  likewise  is  of  great  importance  for  the  reason  that  the  first  product  produced  b 
bacteria  in  decomposing  sewage  is  ammonia.  We  alwayB  find  a  quantity  of  fr*: 
ammonia  in  sew^e;  so  the  chemist  lays  special  stress  on  these  two  constituent 
namely,  nitrites  and  free  ammonia.     (982.) 
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The  witness  then  introduced  data  concerning  the  character  of  the 
water  in  the  reservoir  at  Chain  of  Rocks,  reciting  in  his  testimony 
the  weekly  and  monthly  averages  of  the  daily  determinations  made. 
He  mentioned  only  the  determinations  of  albuminoid  ammonia,  free 
ammonia,  nitrites,  and  nitrates,  and  it  does  not  appear  from  the  record 
that  he  presented  tables  or  gave  any  other  data.  The  results  given 
are  recorded  in  Table  23.     (985-1007.) 

Table  23. — Weekly  and  monthly  averages  of  daily  analyses  of  water  from  reservoir 

St.  Louis  waUrworhs. 

[Parts  per  million.] 


Date. 


1900. 
Jtooary  24-31.... 

FAmaryl-T 

PebmaryS-M 

Febmary  15-21 . . . 
February  22-28... 

lUniil-7 

M«ch*-14 

March  15-21 

March  23-31 

April  1-7 

April  8-14 

April  15-21 

April  22-30 

May  1-7 

May  8-14 

May  15-21 

May  22-31 

JaBel-7 

JomS-M 

Jane  15-21 

Jane  22-30 

inly  1-7 

Jaly»-14 

Jmy  15-21 

Jdy  22-31 

AapMt  1-7 

Aqga8t8-14 

AiiRaat  15-21 

Ai^pirt  22-31 

S*irt«mberl-7... 
S*pt«nber8-14.- 
September  15-21. 
September  22-30. 
October  1-10 


Albuminoid  am- 
monia. 


Weekly.  |  Monthly 


1901. 

October  1-7 

October  8-14 

October  15-21 

October  22-28 

October  28-Novcm- 

ber4 

NoT«nber6-ll , 

Kofcmber  12-18 

liioTember  19-25 

November  25-30 


0.214 
.199  I 
.285  , 
.250 
.344 
.233 
.325 
.582 
.501 
.264 
.387, 
.248  ! 
.352 
.279 
.285 
.224 
.257 
.155 
.172 
.161 
.240 
.219 
.192 
.249 
.275 
.304 
.233 
.202 
.280 
.276 
.238 
.225 
.210 
.335 


.885 

.cn 

.523 
.727 

.553 
.403 
.794 
.536 
.420 


a  214 

.271 


.313 


.261 


.182 


.234 


Free  ammonia. 


Weekly.    Monthly. 


.257 


.237 


.335 


.569 


a  1112 
.2265 
.2345 
.1689 
.2094 
.1357 
.1643 
.1980 
.2848 
.2090 
.2234 
.1030 
.0703 
.0417 
.0254 
.0345 
.0491 
.0234 
.0066 
.0100 
.0120 
.0117 
.0228 
.0265 
.0186 
.0320 
.0220 
.0223 
.0343 
.0208 
.0348 
.0263 
.0283 
.0316 


.1290 
.0510 
.046 


Nitrites. 


Weekly.  Monthly, 


0. 1112 
.2096  i 


.1890 


.03n 


.0130 


.0199 


.0276 


.0250 


.0316 


.071 
.070 
.086 
.072 
.071 


.074 


a0044 
.0074 

.0080  ; 

.0140  I 

.0240 

.0100 

.0080 

.0120 

.0130 

.0140  i 

.0170 

.0260 

.0140 

.0097 

.0046 

.0049 

.0031 

.0040 

.0039 

.0027 

.0020 

.0017 

.0013 

.0021 

.0017 

.0004 

.0018 

.0035 

.0025 

.0015 

.0011 

.0016 

.0010 

.0021 


.0037 
.0029 
.0050 
.0048 

.0131 
.0131 
.0143 
.0130 
.0110 


Nltratea. 


Weekly.    Monthly. 


0.0044 
.0133 


.0107 


.0180 


.0055 


.0032  '< 


.0017 


.0021 


.0013 
.0021 


.0059 


.0130 


0.60 
.52 
.49 
.57 
.78 
.61 
.91 
.89 
.67 
.51 
.67 
.53 
.54 
.51 
.38 
.32 
.35 
.39 
.37 
.43 
.43 
.51 
.49 
.34 
.51 
.48 
.27 
.22 
.42 
.39 
.36 
.36 
^38 
.53 


0.60 
.60 


.77 


.66 


.39 


.46 


.35 


.37 
.53 


.38 


.23 


In  discussing  the  results  set  forth  in  the  above  table,  Professor 
Keiser  stated  that  early  in  February,  1900,  the  quantity  of  nitrites 
tnd  free  ammonia  in  the  reservoir  water  began  to  increase  very  mate- 
rially, and  the  water  became  highly  polluted.  This  was  also  noted  in 
the  case  of  the  other  determinations.  Beginning  with  the  first  part 
of  the  month  of  May,  there  was  a  gradual  decrease  in  these  constitu- 
ents, and  during  the  summer  months — indeed,  up  to  the  end  of  the 
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period  of  investigation — the  proportion  thereof  remained  low.  The 
results  for  October  and  November,  1901,  showed  considerable  increase 
over  those  of  the  previous  year.  These  results,  in  the  opinion  of  the 
witness,  indicated  that  an  enormous  amount  of  polluting  matter  was 
coming  down  Mississippi  River  and  that  the  water  could  not  be  classed 
as  potable,  owing  to  the  large  amount  of  decomposing  organic  matter 
in  it.     (1008-1009.) 

The  witness  then  presented  data  on  the  free  ammonia,  nitrites,  and 
nitrates  in  daily  samples  of  Mississippi  water  at  Chain  of  Rocks,  taken 
from  points  near  the  Missouri  and  Illinois  shores.  The  results  are 
set  forth  in  Table  24.     (1013-1031.) 

Table  24. — Weeldy  and  monthly  averages  of  analyses  of  daUy  samples  ofvxiterfrom  Mis- 
sissippi River  at  Chain  of  Rocks. 

[Parts  per  million.] 


Nitrates. 


1900. 
January  24-31 
February  1-7. 
February  8-14 
February  16-21.. 
February  22-28... 
March  1-7. 
March  8-14 
March  16-21 
March  22-31. 
April  1-7 
April  8-14 
April  16-21 
April  22-31 
May  1-7 
May  8-14 
May  15-21 
May  22-31 
June  1-7 
June  8-14 
June  16-21 
June  22-30 
July  1-7 

July  8-14 

July  15-21 
July  22-31 
August  1-7 
August  8-14 
August  15-21 
August  22-31 
September  1-7 
September  8-14 
September  15-21 . . . 
Septemlwr  22-30.. 
October  1-10 

1901. 
Octolier  1-7. . 
October  8-14. 
Octolier  15-21 

Octol^r  22-28 

October   29-No- 

vember  4 

Noveml>er  5-11 

Noveml>or  12-18... 
Novenil>er  1^25... . 
Novemlier  2t>-.30. 
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The  witneas  stated  in  discussing  the  above  table  that  the  investi- 
gation was  made  in  this  way  for  the  purpose  of  determining  whether 
the  water  at  the  intake  was  of  ** homogeneous  character"  and  whether 
the  water  on  both  sides  of  the  river  was  of  the  same  chemical  consti- 
tution. A  marked  difference  was  found  at  times,  as  shown  in  the 
table.  The  witness  pointed  out  that  soon  after  the  beginning  of  the 
investigation  nitrites  were  found  to  be  twice  as  great  in  proportion 
on  the  Illinois  side  as  on  the  Missouri  side,  and  attributed  this  to  the 
fact  that  in  February  there  was  a  rise  in  Illinois  River  coincident 
^^ith  the  opening  of  the  Chicago  drainage  canal;  during  the  same 
time,  however,  Missi^ippi  River  was  at  low  stage.  The  witness  found 
that  in  general,  during  the  analytical  period,  the  water  on  the  Illinois 
side  of  the  river  was  from  four  to  five  times  more  polluted  than  that 
on  the  Missouri  side.  He  concluded  further,  from  the  fact  that  the 
amount  of  nitrites  in  the  reservoir  was  greater  than  that  in  Missis- 
sippi River  along  the  Missouri  shore  and  less  than  that  along  the 
Illinois  shore,  that  there  must  have  been  a  mixture  of  the  two  waters 
at  the  intake.  He  added  that  all  the  determinations  made  con- 
firmed this  interpretation.  He  then  compared  the  character  of  the 
water  from  Missouri  River  opposite  Fort  Bellefontaine  with  that 
from  Mississippi  River  at  Chain  of  Rocks  near  the  Missouri  shore  and 
declared  them  to  be  the  same.  He  further  stated  that  the  water  at 
Chain  of  Rocks  near  the  Illinois  shore  was  at  all  times  Mississippi 
water  and  that  the  waters  from  the  two  rivers  became  mixed  at  the 
intake.  This  conclusion  was  reached  from  a  consideration  of  the 
amounts  of  chlorine,  total  solids,  and  free  and  albuminoid  anunonia 
taken  at  the  three  points  at  Chain  of  Rocks.  In  every  case  the  sam- 
ples from  the  intake  represent  a  mean  between  those  from  the  two 
shores.     (1013-1032.) 

The  witness  then  discussed  a  formula  by  which  the  proportion  of 
ilississippi  and  Missouri  rivers  waters  entering  the  intake  at  Chain  of 
Rocks  might  be  determined.  (1032-1034.)  This  formula  may  be 
expressed  in  simple  equations,  as  follows: 

x-f  y  =  l 
ax-\-hy  =  c 
in  which 

X  =  Proportion  of  Missouri  River  water  entering  intake. 
y  =  Proportion  of  Mississippi  River  water  entering  intake, 
a  =  Amount  of  chosen  constituents  in  water  at  Missouri  shore.  Chain 

of  Rocks. 
I = Amount  of  chosen  constituents  in  water  at  Illinois  shore,  Chain  of 

Rocks. 
c= Same  in  mixed  water  entering  intake. 
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Taking  as  an  example  the  week  ending  August  21,  19(K>,  wrtk 
nitrite  detcirniination  as  a  basis,  the  witness  gave  a  practical  ^Ifi 
stration  of  the  use  of  this  formula.     The  values  of  a,  b,  and  c  lor 
week  mentioned  are  0.0014,  0.0102,  and  0.0035.     Substitmiog 
values  in  the  above  equation,  we  have^ — - 

O.OOHx  +  0.0102y  =  0.0035. 
Since  in  the  first  equation 

the  values  may  be  reduced  to 

O.OOUjj  4- 0.0102  (1  -x) -0,0035, 
whence 

x^i  (nearly) 

y  =  \  (nearly). 

The  above  computation  showed,  in  the  opinion  of  the  witness, 
during  the  week  mentioned  three-fourths  of  the  water  deliver^*]  t*! 
Louis  was  from  Missouri  River  and  one-fourth  from  Mis^ij^sippi  Ri 

It  shoulii  be  especially  notetl  at  this  pouit  that  Profes!S^:^r 
based  the  greater  part  of  his  interpretations  on  the  nitrite  detei 
tions,  occasionally  considering  the  ammonia.     Continuing  wii^ 
testimony,  lie  stated  that  there  was  always  more  or  \vss  Mi- 
River  water  in  the  reservoir  at  Chain  of  Rocks,     Although  therr  i 
be  one  or,  perhaps,  two  days  at  a  time  during  which  the  wat^r  ^ 
be  largely  from  the  Missouri,  yet  the  mixture  in  the  reservoir  wi 
always  contain  a  certain  amount  tif  Mississippi  water.     In  the  0|H! 
of  the  witness  Mississippi  River  i.s  a  badly  polluted  stream  beW 
point  a  short  distance  above  the  moutli  of  Illinois  River.     Above 
point  the  water  is  in  much  better  condition.     He  also  characU' 
Mi.ssouri  River  as  a  fairly  good  stream  from  a  sanitarj^  standpoiii 
(1034-1035.) 

The  witness  then  entered  on  a  comparison  of  the  nitrites  in  tl» 
water  of  Mississippi  River  at  Chain  of  Rocks,  Illinois  shore,  at  \is^ 
ford,  and  at  Alton,  and  stated  that  the  determinations  showed 
general  that  nitrites  were  liigher  at  Hartford  than  at  Chain  of  RofM 
and  again  higher  at  Alton  than  at  Hartford,  though  the)"  wen*  vff 
much  lower  in  Mississippi  River  above  the  confluence  of  IlHuois  Ri^ 
The  results  of  these  determinations  are  set  forth  in  Table  25,  (lfl3K 
1037.) 
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Table  25. — Weekly  and  monthly  averages  of  nitrUe  determinations  in  daily  samples  oj 
water  from  Mississippi  River  at  Chain  of  Rocks  (Illinois  shore)  ^  Hartford,  and  Alton. 

[Parts  per  million.] 


Date. 


JaoQury  24-31 

Febnuuyl-7 

Febniary8-14... 
February  15-21.. 
February  23-28. . 

Mm*  1-7 

lUfdi»-14 

Maidi  15-21 

lUreh22^1 

.\prai-7 

AprU*-14 

April  15-21 

Apifl  22-30 

IUyl-7 

M»j»-14 

lUy  15-21 

May  22-31 

Jaw  1-7 

Jane  8-14 

Jane  15-21 

Jane  22-30 

July  1-7 

July  8-14 

Jaly  15-21 

JuJy  22-31 

Aagu8tl-7 

Aasu8t8-14 

Aogust  15-21 

AogOft  22-^1 

September  1-7... 
September  8-14.. 
September  15-21. 
September  23-30. 
October  1-10 


1900. 


Chain  of  Rocks. 


Weekly.    Monthly. 


0.0130 
.0214 


1901. 

October  1-7 

October  »-14 

October  15-21 

October  22-28 

October  2^Noyeniber  4 . 

No?anber5-ll 

Xorember  13-18 

SoTCmber  19-25 

XoTember  26-30 


.0211 
.0136 
.0123 
.0080 
.0254 
.0200 
.0365 
.0905 
.0288 
.0274 
.0157 
.0134 
.0148 
.0178 
.0050 
.0032 
.0085 
.0084 
.0041 
.0043 
.0043 
.0037 
.0037 
.0077 
.0102 
.0038 
.0070 
.0071 
.0067 
.0067 
.0064 


.0110 
.0124 
.0144 
.0160 
.0123 
.0167 
.0177 
.0171 
.0170 


0.0130 
.0187 


.0308 


.0154 


Hartford. 


Alton. 


Weekly.  Monthly.  Weekly.  Monthly. 


0063 


.0068 
.0064 


I 


0.0183 
.0220 
.0151 
.0180 
.0248 
.0234 
.0128 
.0140 
.0191 
.0240 
.0345 
.0417 
.0431 
.0213 
.0285 
.0340 
.0240 
.0080 
.0047  i 
.0047  I 
.0225  I 
.0114 
.0105 
.0123  , 
.0143  I 
.0053 
.0060 
.0173 
.0074  ' 
.0100 
.0084 
.0084 
.0120 
.0101 


.0235 
.0184  > 
.0150 
.0163 
.0137 
.0191 
.0190  I 
.0167 
.0186  ! 


0.0183 
.0199 


.0173 


.0358 


.0260 


.0099 


.0121 


.0095 


.0097 
.0101 


.0173 


.0183 


0.0225 
.0263 
.0190 
.0225 
.0334 
.0365 
.0225 
.0211 
.0191 
.0205 
.0394 
.0428 
.0485 
.0223 
.0268 
.0388 
.0277 
.0075 
.0048 
.0053 
.0243 
.0153 
.0163 
.0177 
.0144 
.0071 
.0100 
.0180 
.0064 
.0111 
.0103 
.0114 
.0134 
.0124 


.0160 
.0121 
.0180 
.0190 
.0102 
.0103 
.0124 
.0072 
.0088 


0.0225 
.0253 

.0248 

.0378 


.0104 


.0159 


.0104 


.0115 
.0124 


.0151 


.0096 


I 


In  reply  to  a  question  concerning  the  effect  of  the  sewage  of  Alton 
the  witness  stated  that  the  chemical  data  proved  that  it  has  no 
apparent  effect  on  the  river,  because  the  dilution  is  so  great  that  the 
amount  of  sewage  entering  there  does  not  perceptibly  increase  the 
amount  of  organic  matter.  Continuing,  the  witness  stated  that  in 
Illinois  River  the  nitrites  are  considerably  higher  than  in  the  Missis- 
sippi, but  far  lower  in  the  Mississippi  above  Grafton  than  they  are  in 
the  same  stream  at  Alton,  Hartford,  or  Chain  of  Rocks,  indicating 
that  Mississippi  River  above  Grafton  is  in  a  purer  condition  than  it  is 
below.  He  further  stated  that  chemical  analyses  show  that  the  pol- 
lution of  the  Mississippi  comes  from  Illinois  River,  and  that  if  it  were 
not  for  that  pollution  the  water  of  the  river  at  Chain  of  Rocks  along 
the  Illinois  shore  would  be  very  similar  in  character  to  that  along  the 
iCssoxui  shore  with  respect  to  free  ammonia  and  nitrites.     Missouri 
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River  water,  however,  contains  more  chlorine  than  that  of  the  Missis- 
sippi because  of  the  fact  that  large  amounts  of  salt  are  emptied  into 
the  river  from  Kansas.  He  finally  stated,  without  qualification,  that 
were  it  not  for  the  flow  of  the  polluted  waters  of  Illinois  River  the 
Mississippi  at  Chain  of  Rocks  would  afford  a  good  drinking  water  on 
both  sides  of  the  channel.     (1041-1043.) 

A  chart  was  then  introduced  (Complainant^s  Exhibit  No.  22)  show- 
ing graphically  the  variation  in  the  quantities  of  nitrites  found  in 
Illinois  River  above  Grafton  and  above  Peoria.  It  was  the  conten- 
tion of  Professor  Keiser  that  this  chart  showed  that  the  water  in  Illi- 
nois River  above  Grafton  was  inferior  to  that  in  Mississippi  River  at 
Alton,  and  that  as  Illinois  River  was  ascended  the  conditions  became 
worse,  and  his  conclusions  from  these  facts  were  as  follows:  Although 
before  the  opening  of  the  drainage  canal  Illinois  River  contained  sew- 
age matter,  there  was  greater  oxidation  in  the  region  above  and  imme- 
diately below  Peoria  and  in  fact  all  along  the  river,  the  movement  of 
the  water  was  slower  in  the  river,  and  while  the  water  was  impure 
above  Peoria  a  smaller  quantity  of  nitrites  was  found,  showing  that 
oxidation  had  proceeded  further  than  it  did  subsequent  to  the  open- 
ing of  the  canal ;  in  other  words,  by  the  turning  in  of  so  great  a  quan- 
tity of  water  into  the  Illinois  system  the  **  region  of  bacterial  action 
and  the  conversion  of  the  nitrogenous  organic  matter  into  nitrites  was 
moved  much  farther  down  Illinois  River  and  into  Mississippi  River 
below  the  mouth  of  the  Illinois.''  The  witness  further  stated  that 
inasmuch  as  the  analyses  made  during  October  and  November,  1901, 
showed  a  more  highly  polluted  condition  than  those  made  during  1900 
the  conditions  were  growing  worse  rather  than  improving.  (1043- 
1046.) 

Data  concerning  the  nitrites  and  free  ammonia  in  Illinois  River  at 
various  points  were  presented  and  are  included  in  Table  26.  (1042- 
1060.) 

The  witness  then  stated  that  the  analyses  indicate  a  decidcnl 
increase  in  the  amount  of  impurities  since  the  opening  of  the  canal. 
In  his  judgment  this  pollution  continues  down  to  Chain  of  Rocks,  a 
portion  of  it  finding  its  way  to  the  intake  tower  of  the  waterworks 
and  thence  to  the  reservoir  at  St.  Louis.  As  the  volume  of  water 
going  down  Illinois  River  is  greater  now  than  previous  to  the  opening 
of  the  canal  there  is  less  opportunity  for  sedimentation  to  take  place, 
(1048-1049.) 

The  maximum  allowable  amount  of  free  ammonia  is  0.05  part  i>er 
million,  and  when  this  is  exceeded  the  water  is  to  be  regarded  with 
suspicion.  If  there  are  measurable  quantities  of  nitrites  the  water 
should  be  condemned,  inasmuch  as  good  drinking  water  should  have 
no  nitrites  in  it.     (1052.) 
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The  witness  gave  the  data  presented  in  Table  27,  with  reference  to 
the  amount  of  chlorine  in  the  water  of  Illinois  and  Mississippi  rivers 
above  Grafton.     (1053.) 


Table  27.— -Monthly  averages  of  daily  determinations  of  chlonne  in  water  from  lUinou 

and  Mississippi  rivers  above  (rrafton,  1900. 

[Parts  per  million.] 


Month. 


I   Illinois 
I    River. 


Missis- 
sippi 
River. 


Month. 


January '  14.1  '  5.7 

February 13.1  >  6.1 

March i  7.0'  4.5 

April 6.1  4.8 

May 10.9  4.2 


June 

July 

August 

September 
October. . . 


Jllinois 
River. 


12.6 
18.0 
16.6 
14.8  I 
16.9 


Missis- 
sippi 
River. 


5.1 


3.3 
3.9 


He  then  gave  the  comparisons  shown  in  Table  28  with  reference  to 
Illinois  River  above  Grafton  and  above  Peoria.     (1047-1048.) 

Table  28. — Monthly  averages  of  daily  determinations  of  nitrites  and  free  ammonia  tu 
water  from  Illinois  River  above  Grafton  and  above  Peoria. 

[Parts  per  million.] 


Grafton. 


Peoria. 


Nitrites. 


Free  am- 
monia. 


October,  1900. 
October,  1901. 


0.0428  i 
.720  , 


0.0677  I 
.1502 


Nitrites. 


0.1857  I 
.1240 


Free  am- 
monia. 


1.40 

.aoi 


The  witness  then  gave  the  following  data  concerning  the  watei 
from  the  drainage  canal  off  Pauline  street,  Chicago  (1060-1064): 


Table  29. — Determinations  of  free  ammonia,  nitrites^  and  chlorine  xn  daily  samples  o 
water  from  the  Chicago  drainage  canal  off  Pauline  street. 

[Parts  per  million.] 


Date. 


!    Free  am- 
I     monia. 


1901. 

Octol)er  9 

0.328 

Octol)or  10 

2.860 

October  11 

.676 

October  12 

.812 

OctolH^r  13 

1.66 

Octol)er  14 

Octol)orl5 



1.072 

OctolKT  16 

1.500 

OctolKT  17 

.884 

Octol)er21 

.672 

Octol)er22 

.334 

OctolK?r23 

.884 

October  24 

.7W 

Octol)er  26 

.732 

October  27 

1.020 

October  28 

1.288 

Octol)er29 

.744 

Octol)er30 

.700 

Octobers! 

.744 

Novemlier  1 

.968 

Novemlier2 

.628 

Novembers 

.648 

Novemf)er4 

.988 

Novembers 

1.068 

Nitrites. 

Chlorine. 

0.016 

22.8 

.040 

23.0 

.018 

18  0 

.017 

12.1 

.036 

20.8 

.015 

21.0 

.017 

19.0 

.018 

23.2 

.018 

19.5 

.019 

22.3 

.027 

22.5 

.013 

17.5 

.016 

18.2 

.015 

22.0 

.014 

21.3 

.02.'» 

21.7 

.016 

23.8 

.019 

29.0 

.018 

24.2 

.028 

21.5 

.016 

23.0 

.017 

13.8 

.013 

13.2 

.017 

11.3 

Date. 


1901. 
November  6... 
November?.., 
Novembers... 
November  9... 
November  10. 
Noveml>er  11., 
November  12. 
Noveml>er  13. 
November  14. 
November  16. 
Novem)>er  16. 
Novemlwr  17. 
November  18. 
November  19. 
November  21. 
November  22. 
November  23. 
November  24. 
November  26, 
November  27. 
November  28. 
November  29. 
November  30. 


Free  am- 
monia. 


0.568 
.652 
.436 
.452 
.849 
.560 

5.192 
.568  ' 
.640  \ 
.468 
.428 
.588 
.452 
.560 
.716 
.564 
.504  I 
.628 
.404 
.968 
256 

1.802 

2.140 


Nitrites. 


0.015 
.018 
.028 
.015 
.015 
.013 
.025 
.015 
.015 
.027 
.016 
.023 
.015 
.016 
.007 
.013 
.018 
.017 
.017 
.017 
.016 
.017 
.015 


Chlorine 


10. 
16. 
12.1 
10. 
14. 
U- 

loa 

12. 

9- 

8. 
II. 
11. 

9. 
11. 

8. 
U- 

n. 

12. 

11. 

16. 
16. 
29. 
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The  results  were  then  discussed  by  Professor  Keiser  substantially 
as  follows: 

From  these  analytical  results  it  is  apparent  that  the  water  of 
Illinois  River  was  more  highly  contaminated  with  nitrogenous  organic 
matter  at  Joliet  and  Ijockport  than  at  Peoria.  Higher  values  are  shown 
for  free  ammonia  and  nitrites  at  Joliet  than  at  Lockport.  This  is 
accounted  for  by  the  fact  that  the  samples  at  Joliet  were  taken  imme- 
diately under  the  Illinois  and  Michigan  Canal,  which  passes  over  the 
river  at  that  point.  The  analyses  are  typical  of  sewage;  it  can  not  be 
called  water.  Several  months  after  the  analyses  began,  the  quantities 
of  nitrites  and  free  ammonia  diminished  both  at  Lockport  and  at 
Joliet.  This  is  accounted  for  by  the  outflow  of  the  water  of  the  drain- 
age canal.  In  other  words,  aft^r  the  opening  of  the  drainage  canal 
this  concentrated  sewage  at  Lockport  and  Joliet  was  diluted.  That, 
in  part,  is  the  result  shown  by  the  analyses.  The  results  obtained  at 
Peoria  and  points  below  show  that  this  sewage  from  Lockport  and 
Joliet  had  been  washed  farther  down  the  river.  There  were  at 
Grafton  much  higher  nitrites  and  free  ammonia  after  the  opening  of 
the  canal  than  before,  and  that  is  evidence  of  the  flushing  down  of  the 
sewage  matter  which  had  accumulated  at  Lockport  and  Joliet  and  in 
the  upper  regions  of  the  river.     (1064-1065.) 

Professor  Keiser  was  recalled  to  the  witness  stand  for  the  purpose 
of  making  comprehensive  interpretations  of  the  chemical  data  which 
had  been  offered  in  evidence  by  the  witnesses  on  behalf  of  the  plaintiff- 
He  submitted  the  data  given  in  Table  30  concerning  the  analytical 
results.  The  first  and  second  entries  in  the  table  are  the  averages  of 
17  analyses  made  from  May  2,  1893,  to  January  24,  1894,  by  the  water 
department  of  St.  Ix)uis,  and  originally  appeared  in  the  message  of  the 
mayor  for  1894.  The  third  entry  is  the  average  of  21  analyses  made 
at  intervals  from  December  15, 1892,  to  April  20, 1894,  in  the  chemical 
laboratory  of  Washington  University.  The  fourth  entry  is  an  aver- 
age of  26  analyses  made  by  the  city  chemist  at  intervals  from  Sep- 
tember 9,  1899,  to  January  22,  1900.  The  remainder  of  the  table 
consists  of  data  given  in  the  testimony  of  Dr.  William  C.  Teichmann. 

Tabus  30. — Average  results  of  sanitary  analyses  of  Mississippi  River  water  at  St.  Louis. 
BEFORE  OPENING  OF  DRAINAGE  CANAL. 


Date. 

Number 
of  sam- 
ples. 

Albumi- 
noid am- 
monia. 

Free 
am- 
monia. 

a046 
.019 
.048 
.063 

Ni- 
trites. 

Ni- 
trates. 

nn^      Sampling  point. 

JUr  2,  MBS.  to  January  24, 
Apnt  U,  1W3,  to  January  24, 

I>!BWiber  15,  1802,  to  April 

3D  IM. 
9member9,  1899,  to  Janu- 

&rr22. 1900. 

17 
17 
21 
26 

L033 
.411 
.310 
.622 

a003 
.002 
.005 
.002 

a38 

.44 

.38 
.39 

Distributing  well. 
Settling  basin. 
Not  designated. 
Intake  tower. 
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Table  30. — Average  resiUU  of  sanitary  arudyses  of  Missusippi  River  water  at  St. 

Louis — Continued. 

AFTER  OPENING  OF  DRAINAGE  CANAL. 


Date. 


Number 
of  sam- 

DlM. 


Albumi- 

Free 

Ni- 
trites. 

noid  am- 

am- 

monia. 

monia. 

a676 

a2i7 

a  013 

L202 

.348 

.014 

L036 

.186 

.020 

1.190 

.094 

.011 

L148 

.070 

.004 

L350 

.127 

.004 

.810 

.101 

.006 

.818 

.093 

.004 

.898 

.118 

.006 

.705 

.098 

.007 

.289 

.105 

.011 

.396 

.144 

.009 

.296 

.121 

.007 

L455 

.310 

.013 

1.034 

.191 

.016 

.506 

.088 

.002 

1.161 

.106 

.002 

Ni- 
trates. 


Chlo- 
rine. 


SampUns  point. 


February,  1900.. 

March,  1900 

April,  1900 

May,  1900 

June,  1900 

July,  1900 

August,  1900 

September,  1900. 
October,  1900. . . . 
November,  1900. . 
December,  1900. . 
January,  1901 . . . 
February,  1901.. 

March,  1901 

April,  1901 

May,1901 

June,  1901 


aoo 

.80 

.60 

.50 

.30 

.30 

.40 

.70 

.60 

.60 

.40 

.801 

.70 

L3 

1.1 
.4 
.5 


Intake  tower. 
Do. 
Do- 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


AVERAGES. 


Before  opening. 
After  opening... 


a  81 
a  515 


a569  I 


a044 
.150 


aoo3 

.009 


a40 

.6 


12 


«  Total. 

In  interpreting  the  above  data  the  witness  stated  that  the  analyse 
recorded  prior  to  the  opening  of  the  canal  show  that  the  water  wa 
comparatively  stable  and  not  unwholesome  compared  with  its  subse 
quent  condition.  January  17,  1900,  the  drainage  canal  was  o]>ened 
The  water  must  have  reached  St.  Louis  about  the  beginning  of  Febni 
ary  and  the  results  are  clearly  shown  in  the  analytical  statement  mad 
for  that  month.  A  portion  of  the  great  increase  noted  in  free  amnioni; 
and  nitrites  in  February  and  March  might  have  been  due  to  the  fac 
that  in  the  winter  months  impurities  are  usually  found  to  run  highe 
than  in  spring  and  summer,  but  the  increase  during  these  two  month 
was  very  much  greater  than  had  been  observed  in  any  previous  yeai 
From  the  subsequent  results  it  is  apparent,  according  to  the  witness 
that  the  character  of  the  water  has  permanently  changed.  (1697 
1702.) 

In  reply  to  questions  concerning  the  Missouri  River  data,  the  wit 
ness  presented  the  average  results  recorded  in  Table  31.  Contrastinj 
the  condition  of  the  water  before  and  after  the  opening  of  the  canal 
he  stated  that  the  differences  were  slight — that  no  change  resulted  L 
the  general  character  of  the  water — showing  conclusively  that  th 
changes  noted  in  the  Mississippi  River  water  at  the  Chain  of  Rock 
intake  tower,  could  not  have  been  due  to  any  increase  of  impuritie 
in  Missouri  River.     (1702-1704.) 


TESTIMONY   OF   EDWABD   H.  KEISER. 


85 


Table  31. — Average  retuUs  of  sanitary  analyses  of  Missouri  River  water  near  Fort  Belle- 

fontaine. 

[Parts  per  million.] 

BEFORE  OPENING  OF  DRAINAGE  CANAL. 


Date. 

Number 
of  sam- 
ples. 

Albumi- 
noid am- 
monia. 

Free  am- 
monia. 

Nitrites. 

Nitrates. 

Prior  to  February  1, 1900 '            19 

0.499 

a  107 

0.0045 

0.39 

AFTER  OPENING  OF  DRAINAGE  CANAL. 


Febnurr  1  to  October  10,  1900. . 
Oetober  1  to  November  30, 1901 . 


61 


1.203 
.631 


0.142 
.060 


aoo7 

.003 


0.50 
.55 


The  witness  then  testified  concerning  the  results  in  evidence,  with 
reference  to  the  character  of  the  water  of  Mississippi  River  at  Hart- 
ford, 1  mile  above  the  mouth  of  the  Missouri,  17  analyses  of  the  water 
having  been  made  at  intervals  between  August  3  and  December  4, 
1899.  The  average  of  these  analyses,  together  with  those  obtained 
after  the  oj>ening  of  the  canal  during  the  periods  January  23  to  Octo- 
ber 10,  1900,  and  October  1  to  November  30,  1901,  will  be  found  in 
Table  32.     (1705.) 

Table  32. — Average  residts  of  sanitary  analyses  of  Mississippi  River  water  opposite 

Hartford, 

[Parts  per  million.] 

BEFORE  OPENING  OF  DRAINAGE  CANAL. 


Date. 


Angost  3  to  Dec^nber  4, 1809. 


Number 
of  sam- 
ples 


17 


Albumi- 
noid am- 
monia. 


0.622 


Free  am-      Nitrites 
monia.     I   ^""^s. 


0.107  I 


0.004 


Nitrates. 


AFTER  OPENING  OF  DRAINAGE  CANAL. 


iumuj  23  to  October  10, 1900. . 
October  1  to  November  30, 1901 . 


260 
61 


0.613  I 
.368 


0.275 
.062 


0.018 
.011 


0.7 
.54 


In  interpreting  these  results,  the  witness  pointed  out  the  fact  that 
it  Hartford,  as  at  the  intake,  there  had  been  a  permanent  increase 
in  the  amount  of  pollution  in  the  water  after  the  opening  of  the 
canal.     (1704-1706.) 

The  witness  then  took  up  the  analyses  of  samples  from  Mississippi 
Hwer  above  the  mouth  of  the  Illinois  and  presented  the  average 
results,  as  shown  in  Table  33.     (1706-1707.) 
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Table  33. — Average  results  of  sanitary  analyses  of  water  from  Misstsstpjh  River  above 

mouth  of  Illinois  River. 

[Parts  per  million.] 

BEFORE  OPENING  OF  DRAINAGE  CANAL. 


]  Number  I    Album!-   I   p,^  ^^    ' 
Date.  ofaam-  ,  nold  am-  '   %I^„?r'     Nitrites. 


pies.         monia. 


monla. 


I 


Nitrates.'  Chloriw. 

I 


September6, 1809,  to  January  17, 1900.  18  |  afiOS  '  0.060!        0.002  0.30  ' 

AFTER  OPENING  OF  DRAINAGE  CANAL. 


January  23  to  October  10,  190a '  264  1  0.587 

October  1  to  November  30,  1901 1  61  .348 


0.138  0.008 

.067  .001 


0.46 
.10 


5.0 
4.3 


The  witness  stated  that  these  data  plainly  showed  that  the  wato 
from  Mississippi  River  above  the  mouth  of  the  Illinois  is  in  stable 
condition,  and  that  practically  no  change  has  taken  place  in  its  com- 
position since  the  opening  of  the  canal — a  fact  which  excludes  the 
possibility  that  the  change  in  the  character  of  the  St.  Louis  water  is 
due  to  increased  impurities  in  the  upper  Mississippi.     (1706-1707.) 

He  then  gave  the  results  of  analyses  of  samples  of  water  from 
Illinois  River  3  miles  above  Grafton,  collected  before  and  after  the 
opening  of  the  Chicago  drainage  canal.  These  results  are  included 
in  Table  34.     (1707-1708.) 

Table  34. — Average  results  of  sanitary  analyses  of  Illinois  River  vxUer  S  miUs  abom 

Grafton. 

[Parts  per  million.] 

BEFORE  OPENING  OF  DRAINAGE  CANAL. 


'  Number     Albumi-  ,^_^^  ._ 

Date.                              ofsam-      noid  am-  'i^„u        Nitrites, 

pies.          monia.  moma.     , 

September «,  1X99,  to  January  17, 190oJ             19             0.553  0.215'        0.012 

I  1 


Nitrates.  Chlorim 


0.8 


AFTER  OPENING  OF  DRAINAGE  CANAL. 


January-  23  to  October  10.  1900. . . 
October  1  to  Xovem^H»r  .M),  1901  . 


!  t 

265      0.509  I     0.272 
61       .373  !      .110 


0.032     0.96  I      la. 
.043  1    1.71  ,      21. 


The  witness  stated  that  prior  to  the  opening  of  the  canal  th 
Illinois  water  above  Grafton  was  badly  polluted  and  unpotable 
Nevertheless,  for  ten  months  after  the  opening  of  the  canal  ther 
was  an  increase  in  free  ammonia  of  nearly  27  per  cent  and  in  nitrite 
of  167  per  cent.  The  only  conclusion  to  be  drawn  from  these  fig^urc 
is,  according  to  tlie  witness,  that  after  the  canal  was  opened  thei 
was  a  much  larger  quantity  of  sew-age  undergoing  putrefactive  chano 
than  before,  and  he  argued  that  it  was  this  sewage  from  Illinois  Riv^ 
which  had  caused  a  permanent  change  in  the  character  of  the  wat< 
entering  the  St.  Louis  intake  at  Chain  of  Rocks.     (1707-1 70S.) 
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The  witness  then  presented  the  average  results  of  analyses  of  water 
from  Illinois  River  above  Grafton  and  above  Peoria;  from  Desplaines 
River  at  Joliet ;  from  the  Illinois  and  Michigan  Canal  and  the  drain- 
age canal  at  Lockport,  and  from  Lake  Michigan.  These  results  are 
shown  in  Table  35.     (1708-1710.) 


Tablk  35. — Average  rendu  of  analyses  of  water  from  stated  points^  January  SS  to  October 

10,  1900, 

[Parts  per  million.] 


1  Number 
lOfanaly- 
1      sea. 

Albumi- 
noid 
ammonia. 

a482 
.284 
.452 

Free 
ammonia. 

a239 
.468 
2.732 

ia250 
1.585 
.043 

Nitrites. 

Nitrates. 

Chlorine. 

miootfl  River  3  miles  above  Grafton  . 
minoia  River  3  milea  above  Peoria. . . 

DwpUines  River  at  Joliet 

nUiMus  and  Michigan  Canal  at  Lock- 
port 

265 

260 

1           219 

a034 
.005 
.057 

.009 
.026 
.005 

Lll 
1.48 
.22 

0 

.15 
.15 

14.7 

ia4 

2a9 
150.0 

Dmnj«e  canal  at  Lockport 

UkelOchigan 

2i9 
219 

15  0 

6.0 



The  witness  pointed  out  that  the  figures  in  the  above  table  show 
that  the  water  becomes  steadily  more  and  more  impure  as  Illinois 
River  is  ascended,  and  that  the  entire  river  is  in  a  highly  polluted  con-  . 
(lition.  The  water  of  Lake  Michigan,  from  which  the  supply  of  the 
two  canals  is  derived,  is  in  good  condition  from  a  sanitary  standpoint, 
and  the  fact  that  it  contains  so  large  an  amount  of  organic  matter 
by  the  time  it  reaches  the  canals  is  sufficient  proof  that  this  matter 
must  be  derived  from  the  sewage  of  Chicago,  the  results  of  which  are 
traceable  all  along  the  valley  and  down  to  the  St.  Louis  intake. 
(1708-1710.) 

The  witness  made  and  discussed  a  series  of  statements  concerning 
the  pollution  or  amount  of  organic  matter  in  water  from  various 
points  before  and  after  the  opening  of  the  Chicago  drainage  canal, 
based  on  averages  of  analyses  made  at  specified  periods.  He  con- 
sidered that  the  determinations  of  albuminoid  and  free  ammonia  and 
nitrites  would  constitute  a  sufficient  index  of  pollution.  The  results 
are  set  forth  in  Table  36.     (1073-1078.) 


Table  36. — Averages  of  analyses  of  water  at  chosen  points  before  and  after  the  opening  of 
the  Chicago  drainage  canal. 

[Parts  per  million.] 


Sampling  point. 


RowToir,  St.  Louis 

KaijiiplM  River  at  Alton 

Jfiwaii  River  at  Fort  Bellefontaine 

JuMusippi  River  above  Grafton 

DHOoto  River  above  Grafton 

K-noii  River  above  Peoria 


Albuminoid 
ammonia. 


Before. 


a  214 
.200 
.063 

.478 
.478 

a.  672 


Free  ammonia. 
\fter.    I   Before.       After. 


0.271 
.728 
.395 
.565 
.913 
0  2.210 
fr.627 


0.111 
.288 
.135 
.113 
.113 

'^.895 


Nitrites. 
Before.       After. 


0. 210  j 
.4<iO 
.148 
.17(5 
.940  , 
a  a  060 
M.950 


f  a  a  060   \ 
\  M.  950   I 


a  004 
.212 
.008  I 

.oa-i 
.oa5 

0.141 


r 


a  013 

.104 
.014 
.005 
.025 
a. 060 
ft. 030 


a  According  to  J.  H.  Long. 


6  According  to  E.  H.  Keiser. 
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The  periods  of  analyses  inrlurif^H  in  the  nbove  table  arv?  itl 

For  the  reeervoir  at  St.  I^oub:  Befciix*  opening  of  canal »  Jftnu&ty,  1900.       m 

After  opening  of  t^ajial,  Febniajy.  1900,        ■ 
For  Miaflouri  River  &t  Fort  Belief  on  t&int*:  Before  opening  of  canal  i  Januaiy, 

After  opening  of  {."anat.  Fi?linnkry* 
For  Miflrtiitfiippi  River  At  AJtoia;  Before  opening  of  canal,  January'.  1^11 

After  opening  f»f  fjanal,  February,  1900. 
For  Mtf^iwcippi  River  above  GraftoTi:  Bt^for*^  (opening  of  canal.  Jajiiiary.  )90( 

Afirr  opening  of  canals  Fehniary^  tSfll 
Fi>r  llUndb  River  aliovf*  Grafton:  Before  (jpening  of  canal,  January  23-^1, 1 

After  opening  of  canal.  February  21-2S,  1 
For  llUnnbi  River  abovf*  Pe^iria:  Bof ore  opening  uf  eanal,  J.  11.  Lt*niur*i  TveeS^ 

AitrT  opening  of  canal »  Long's  rt«ult0*  Fft 
April*  inclvmve,  19O0*  and  thiiep  of  th» 
February  to  March  v  inclnsive.  190D. 

According  to  the  witness  the  figures  in  Table  36  show  imiiib 
that  there  wa.s  a  great  increa.se  in  the  pollution  of  Itlinnis  Rh 
the  opening  of  the  canal,  but  no  correspoiuling  increai^ie  in  tlu 
Mississippi  above  Grafton  or  of  Missouri  River  at  Fort  BeUefi 

CKOSB-EXAMINATION.  f 

The  cross-examination  brought  out  the  admission  from  P 
Keiser  that  lie  bad  made  no  personal  investigation  of  the 
River  tlrainage  area  and  that  the  physical  conditions,  except 
might  be  learned  from  maps,  were  unknown  to  him.  He  di 
however,  that  sueh  knowledge  is  not  necessary  to  an  int 
interpretation  of  his  results.     (HW<V1081.) 

The  cross-examiner  then  cndeavortvl  to  show  that  the  metb 
by  the  witness  to  detennine  the  proportion  of  Mississippi  and  1 
river  waters  entering  the  intake  at  St.  Louis  is  faulty,  Wca 
algebraic  formula  does  not  take  account  of  the  relative  aino 
water  furnished  by  the«e  streams,  to  which  the  witness  res 
that  no  such  fallacy  is  involved,  because  the  values  are  true  ii 
tive  of  tlie  volumes  of  water  making  the  mixture.  If  in  a  mil 
Missouri  and  Mississippi  river  waters  the  amount  of  Missour 
was  one-third  greater  than  tlic  Mississippi,  but  the  Mississip 
luted  twice  as  uiuch  as  the  Missouri,  the  degree  of  pollutioa 
mixture  chargeable  to  each  stream  would  not  correspond  w 
relative  vohimes  of  the  two  streams,  but  with  the  relative  prop 
of  impurity.     (llOCJ-11030 

In  response  to  questions,  the  witness  then  gave  themonthl 
age  results  of  his  analyses  of  water  from  Missouri  River  s 
Bellefontaine.     tUU4-l  106  J 
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Table  ^7.— Monthly  averagu  of  daUy  analyses  of  water  from  Missouri  River  at  Fort 

Bdlefontaine,  1900. 

[Parts  per  million.] 


Month. 

AlbiiFii- 
nold  am- 
monia. 

Free  am- 
monia. 

Nitrites. 

Nitrates. 

Chlorine. 

-^aoittTy  .                     

0.363 
.365 

0.135 
.232 

0.008 
.014 

0.415 
.692 

23.5 

Pebroajy 

18.6 

MAith 

1.182 

.144 

.023 

.965 

12.1 

April 

.775 
1.484 

.009 
.083 

.018 
.013 

.485 
.484 

12.5 

iSy •.... 

li.5 

Jai 

1.181 

.067 

.003 

.418 

11.4 

July 

1.556 

.055 

.001 

.462 

11.2 

Aop»t 

.842 

.038 

.001 

.435 

12.8 

September 

1.133 

.068 

.002 

.381 

16.3 

October 

1.382 

.065 

.002 

.660 

11.4 

The  witness  stated  that  he  had  made  no  determmations  of  the  vol- 
ume of  water  contributed  to  Illinois  River  by  its  tributaries  nor  had 
he  taken  this  into  consideration.  He  had  regarded  all  the  impurity 
found  in  Dlinois  River  as  coming  from  the  drainage  canal,  because 
these  impurities  increased  steadily  as  the  river  was  ascended.  If  the 
impurities  were  derived  from  the  tributaries,  the  amounts  of  albu- 
minoid and  free  ammonia  and  nitrites  would  be  fairly  constant 
throughout  the  length  of  the  main  stream,  but  inasmuch  as  there  was 
a  consfant  increase  all  the  way  upstream  and  as  at  Joliet  the  river 
water  was  found  to  be  merely  dilute  sewage,  the  chief  cause  of  pollu- 
tion must  lie  in  the  drainage  canal.     (1108-1110.) 

The  cross-examiner  then  directed  the  attention  of  Professor  Keiser 
to  that  part  of  his  testimony  in  which  he  referred  to  a  report  of  Prof. 
J.  H.  Long  in  presenting  figures  to  show  the  comparative  condition 
of  the  water  of  Illinois  River  at  Peoria  before  and  after  the  opening 
of  the  canal.  He  pointed  out  that  the  witness  had  given  for  free 
ammonia  the  values  0.895  (Long)  before  the  opening  and  3.060  (Long) 
and  1.950  (Keiser)  after  the  opening.  (See  p.  87.)  The  cross-exam- 
iner showed  that  the  witness  had  selected  Long's  free  ammonia  deter- 
minations from  samples  taken  at  **The  Narrows,' '  above  Peoria,  to 
show  the  condition  before  the  opening  of  the  canal,  and  the  determina- 
tions from  samples  taken  at  Wesley,  below  Peoria,  and  in  the  field  of 
high  contamination  from  Peoria  sewers,  to  show  the  condition  after 
the  opening  of  the  canal.  It  appears  from  an  examination  of  the  tes- 
timony and  Long's  report  that  three  series  of  examinations  were  con- 
ducted by  him  at  Peoria.  The  first  extended  from  July  5  to  November 
29, 1899,  the  samples  being  taken  at  Peoria  Narrows  (above  Peoria) 
and  at  Wesley  (below  Peoria) ;  the  second  extended  from  March  7  to 
April  25,  1900,  all  the  samples  being  taken  at  Wesley;  the  third 
extended  from  Jime  7  to  October  10,  1900,  the  samples  being  taken 
at  both  points  mentioned. 

The  witness  finally  admitted  that  he  had  compared  the  figures  for 
Peoria  Narrows  for  1899  (before  canal  opening)  with  those  for  Wesley 
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for  March  and  April,  1900  (after  canal  opening).     In  attempting  to 
justify  this  comparison  the  witness  made  the  following  statements: 
First,  as  no  analytical  results  appeared  in  Long^s  report  with  reference 
to  the  water  above  Peoria  in  the  examination  of  March  and  April,  1900, 
and  as  the  witness  desired  to  procure  data  for  a  period  as  close  as  pos- 
sible to  the  opening  of  the  canal  he  had  selected  the  Wesley  figures  for 
the  stated  period,  believing  that  the  effect  of  the  Peoria  sewage  was 
negligible.     Second,  the  analyses  made  by  Long  of  water  taken  from 
Peoria  Narrows,  July  5  to  November  29,  1899,  and  June  7  to  October 
10,  1900,  would  not  admit  of  comparison  by  average  statements, 
as  the  comparisons  were  stated  in  the  witness's  testimony,  because 
the  average  of  the  determinations  for  1899  included  analyses  made 
during  November,  while  those  of  1900  ended  October  10.     Free  am- 
monia and  nitrites  increase  greatly  in  November,  and  to  include  these 
determinations  in  the  average  for  1899  would  result  in  an  unfair  com- 
parison in  favor  of  the  defendants.     Why,  if  such  were  the  case,  he 
did  not  make  the  comparison  by  eliminating  the  results  of  Long's 
analyses  for  November,  1899,  and  leaving  only  the  determinations 
extending  to  October  10,  the  date  of  the  closing  of  Long's  investiga- 
tion of  1900,  he  did  not  venture  to  explain;     It  is  evident  from  the 
testimony  that  he  believed  it  equitable  to  take  for  comparison  the 
results  of  an  entirely  different  part  of  the  year,  viz,  March  and  April, 
1900.     Third,  while  he  had  quoted  figures  from  Long's  report,  as 
above  stated,  he  also  included  the  results  of  his  own  analyses  for  1900, 
and  his  interpretations  were  not  affected  by  Long's  results.     Why,  if 
such  were   the  case,  he   included   them   in   his   testimony  was   not 
explained. 

The  cross-examiner  pointed  out  that  had  he  taken  Long's  results  for 
Peoria  Narrows  in  1900  there  would  have  appeared  in  the  comparison 
a  great  decrease  in  ammonia  and  nitrites  instead  of  the  increase 
reported.  The  witness  thereupon  denied  that  such  a  comparison 
would  be  warranted  for  reasons  above  stated. 

After  further  questions  concerning  the  figures  of  the  comparison 
made  by  the  witness,  he  made  the  following  statements: 

I  wasn't  aware  that  there  was  any  certain  degree  of  difference.  In  making  thia 
comparison  I  found  the  table  on  page  44  [Long's  report]  was  the  nearest  one  that 
Professor  Long  has  published  of  results  made  after  the  opening  of  the  drainage  canal, 
and  I  took  Peoria  here  as  being  the  nearest  point  to  that  point  where  I  had  taten 
samples  for  analysis.  I  didn't  know  where  it  was  exactly,  and  I  didn't  know  whether 
the  sewage  of  Peoria  got  into  the  river  at  Wesley.  I  thought  it  was  cofnsiderably  below, 
if  anything.     I  did  not  think  it  was  right  in  the  town  of  Peoria.     (1128-1129.) 

The  cross-examiner  then  called  the  attention  of  the  witness  to  page 
36  of  Long's  report,  in  which  values  for  free  ammonia,  albuminoid 
ammonia,  nitrites,  and  nitrates  are  given  for  samples  of  water  taken 
at  the  Narrows,  above  Peoria,  from  July  5  to  November  23, 1899,  and 
again  to  page  64  of  the  same  book,  where  values  are  given  for  the 
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same  determinations  from  samples  taken  at  the  same  point  during- 
the  period  from  June  7  to  October  9,  1900.  It  will  be  noted  that 
these  two  periods  are  before  *and  after  the  opening  of  the  canal, 
respectively.  The  witness  was  then  asked  if  in  the  showing  for  free 
ammonia,  albuminoid  ammonia,  nitrites,  and  nitrates  there  was  a 
considerable  reduction  in  the  latter  period  as  compared  with  the 
former  period.  To  this  he  replied  **Yes,"  and  in  explanation  of  this 
reply  made  the  following  statement: 

I  wish  to  state  that  we  are  now  comparing  analyses  of  waters  made  at  different  seasons 
of  the  year.  We  are  comparing  analyses  made  in  the  fall  of  the  year,  from  July  down 
to  the  end  of  November,  when  the  rivers  are  apt  to  be  low,  with  the  analyses  made  in 
the  early  summer,  *  ♦  *  when  the  rivers  are  apt  to  be  swollen  with  rainfall,  and 
therefore  it  is  not  altogether  a  good  comparison.  In  my  work  I  was  not  endeavoring 
to  establish  the  yearly  value.  I  was  endeavoring  to  determine  what  the  effect  of  the 
(>pening  of  the  canal  was,  and  for  that  purpose  I  compared  [analyses  made  before  the 
opening  of  the  .canal a]  with  the  analyses  made  immediately  after  the  opening  of  the 
canal  ♦  *  *  and  I  found  my  own  analyses  showed  an  increase  immediately  after 
the  opening,  taking  analyses  as  near  as  we  have  them  to  the  opening.     (1131-1132.) 

The  cross-examiner  then  called  the  attention  of  the  witness  to  that 
part  of  his  testimony  in  which  he  affirmed  that  the  waters  of  Missouri 
River  at  Fort  Bellefontaine  and  of  Mississippi  River  above  the  mouth 
of  the  Illinois  were  fairly  good  from  a  sanitary  standpoint.  He  then 
recalled  the  statement  of  the  witness  that  water  containing  a  measur- 
able quantity  of  nitrites  should  be  regarded  with  suspicion.  Finally, 
he  reviewed  the  testimony  of  the  witness  concerning  the  character  of 
the  water  of  Missouri  River  at  Fort  Bellefontaine,  in  which  he  stated 
that  there  was  an  average  of  0.008  and  0.014  part  per  million  of 
nitrites  before  and  after  the  opening  of  the  canal,  respectively,  and 
asked  him  to  reconcile  these  statements.  In  reply,  the  witness  stated 
that  only  during  the  summer  months  were  the  nitrites  low  and  the 
water  potable,  but  during  the  winter  the  nitrites  were  high  and  the 
water  was  unfit  for  use  in  its  raw  state.     (1132-1134.) 

Other  features  of  this  cross-examination  are  of  interest  as  showing 
the  basis  on  which  the  witness  interpreted  sanitary  analyses.  In  reply 
to  various  questions  he  made  the  significant  statements  that  he  did 
not  include  in  the  evidence  presented  the  determinations  of  total 
solids,  because  they  would  throw  very  little  light  on  the  sanitary 
condition  of  the  water;  that  he  would  be  able  to  give  an  opinion  as 
to  the  sanitary  condition  of  the  St.  Louis  water  without  a  knowledge 
of  the  chlorine  content,  although  in  general  to  determine  the  potability 
of  water  this  factor  should  be  taken  into  consideration;  that  the 
determination  of  oxygen  consumed  is  not  always  of  importance, 
although  at  times  it  assists  in  forming  an  opinion  about  the  water, 
especially  when  very  little  is  known  about  the  natural  history;  that 
he  did  not  think  it  necessary  to  determine  dissolved  oxygen,  because 
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it  did  not  add  information  of  value :  that  he  considered  the  detenninur 
tion  of  albuminoid  ammonia  of  very  little  value  in  determining  the 
character  of  tlie  waters  under  discussion.     (1711-1717.) 

It  was  apparent  from  the  statement  of  the  witness  (1716)  that  he 
accepted  an  absolute  standard  of  potability  defined  by  the  analysis  as 
follows:  Free  ammonia  should  not  be  greater  than  0.1  part  per  million 
and  the  nitrites  should  be  hardly  measurable.  Several  analyses  were 
recited  to  him  and  he  at  once  designated  the  waters  good  or  bad 
according  as  the  ingredients  were  below  or  above  the  standard  just 
mentioned. 

GEORGE  CHANDLER  WHIPPLE. 
DIRECT  EXAMINATION. 

(jeorge  Chandler  Whipple,  called  as  a  witness  on  behalf  of  the  com- 
plainant, in  qualifying  as  an  expert,  stated  that  he  was  biologist  and 
director  of  the  Mount  Prospect  laboratory  of  the  department  of 
water  supply,  gas,  and  electricity  of  the  city  of  New  York,  and  that 
he  had  held  that  position  since  1897,  except  that  before  the  consoUda- 
tion  of  New  York  and  Brooklyn  he  was  employed  by  the  city  of 
Brooklyn.  He  had  graduated  from  the  Massachusetts  Institute  of 
Technology  in  1889  in  the  course  of  civil  engineering,  and  imme- 
diately after  graduation  was  employed  on  some  water-filtration 
experiments  under  Desmond  Fitzgerald,  superintendent  of  the  Bos- 
ton waterworks.  In  the  fall  of  the  same  year  he  was  placed  in  charge 
of  the  newly  established  biological  laboratory  of  the  Boston  water 
department,  with  the  title  of  biologist,  and  was  given  supervision  of 
all  the  water  supplies  of  the  city.  In  connection  with  this  work  he 
made  tests  of  sewage  and  water  purification  plants  and  trips  of  inspec- 
tion to  other  water  supplies  in  the  State  and  to  the  Lawrence  experi- 
ment station.  He  made  many  studies  on  the  growth  of  organisms  in 
water,  on  the  temperature  of  large  bodies  of  water,  and  on  stagnation 
phenomena,  and  assisted  in  designing  the  thermaphone,  an  instru- 
ment for  obtaining  the  temperature  of  water  at  the  bottom  of  reser- 
voirs. In  1896  he  spent  four  months  with  Prof.  Albert  R.  Leeds  in 
the  study  of  the  Brooklyn  water,  which  at  that  time  was  infected 
with  organisms,  causing  a  bad  odor.  In  1897  he  established  the 
Mount  Prospect  laboratory  for  the  city  of  Brooklyn,  the  scope  of 
which  was  later  extended  to  cover  all  the  water  supplies  of  Greater 
New  York.  In  1903  all  the  sanitary  work  of  the  extensive  investi- 
gation on  an  additional  water  supply  for  the  city  of  New  York  was 
placed  in  his  hands.  He  had  had  considerable  private  practice  and 
had  carried  out  in  that  capacity  a  number  of  important  investigations 
connected  with  water-supply  questions.  He  is  the  author  of  a  book 
entitled  *'The  Microscopy  of  Drinking  Water''  and  is  engaged  in  a 
work  on  hygienic  analysis  and  another  on  water  supply.     He  devised 
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the  scheme  for  numerically  recording  odors  in  water  and  also  the 
silica  standard  for  turbidity.  He  is  a  member  of  the  American  Society 
of  Civil  Engineers,  the  American  Chemical  Society,  the  American 
Microscopical  Society,  the  Society  of  American  Bacteriologists,  the 
American  Public  Health  Association,  the  Society  of  Chemical  Indus- 
try, and  the  American  Limnological  Commission  and  a  fellow  of  the 
Royal  Microscopical  Society  of  London.  He  was  at  the  time  of  the 
testimony  secretary  of  the  laboratory  section  of  the  American  Public 
Health  Association,  and  secretary  of  the  committee  on  standard 
methods  of  water  analyses  of  that  section.     (1903-1908.) 

The  witness  testified  that  during  the  months  of  October  and  Novem- 
ber, 1901,  he  had  made  microscopical  examinations  of  136  samples  of 
water  collected  from  various  stations  on  Lake  Michigan,  the  drainage 
canal,  Illinois  River  and  its  tributaries,  and  Mississippi  and  Missouri 
rivers,  with,  the  object  of  determining  the  number  and  character 
of  the  microscopic  organisms  present.  In  certain  of  these  samples 
he  also  made  determinations  of  the  turbidity  and  the  color.  Mr. 
Whipple  described  microscopic  organisms  as  "those  minute  forms 
of  life  which  are  too  small  to  be  readily  identified  without  the  use  of 
a  microscope,  but  which  are  large  enough  so  that  they  do  not  need  to 
be  studied  by  artificial  cultures  as  we  study  bacteria.''  The  witness 
stated  it  as  his  opinion  that  in  the  transit  from  the  point  of  collection 
to  the  laboratory  at  Brooklyn  certain  of  the  forms  present  might  die 
out,  others  might  increase  somewhat,  and  still  others  would  remain 
practically  imchanged  in  numbers.     (1909-1911.) 

The  witness  then  put  in  evidence  fifteen  sheets  showing  the  results 
of  his  examinations.  (See  Table  9,  p.  29.)  After  describing  in 
some  detail  the  organisms  found  in  the  various  waters  he  directed 
special  attention  to  the  diatoms.  He  stated  that  owing  to  the  char- 
acter of  the  diatom  skeleton,  which  is  of  silica  and  practically  inde- 
structible, this  organism  was  more  likely  than  other  microscopic 
organisms  to  be  identified  after  the  trip  from  Lake  Michigan  through 
the  drainage  canal  and  Desplaines  and  Illinois  rivers  to  the  St.  Louis 
intake.     (1911-1922.) 

The  following  testimony  is  especially  important: 

Q.  Are  you  able  or  not  to  say  from  your  examinations  and  your  knowledge  upon  this 
subject  whether  any  partimlar  species  of  these  diatoms  or  micro-organisms  came  from 
Lake  Michigan  or  not? 

A.  There  were  certain  diatoms  found  during  my  examinations  which  appeared  to 
be  characteristic  of  Lake  Michigan  and  Lake  Michigan  alone — I  would  like  to  change 
that-— Lake  Michigan  and  nowhere  else  excepting  the  streams  below  to  which  the  water 
from  Lake  Michigan  hajs  access. 

Q.  Can  you  say  whether  or  not  any  of  the  micro-organisms  which  were  peculiar  to 
Lake  Michigan  were  found  in  the  Mississippi  River  at  the  intake?  And,  if  so,  state 
which  ones  they  were  and  how  they  got  there. 
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A.  There  was  an  organism  which  I  wOl  describe  as  Synedra  pxdcheUa  variety  sub- 
prolongata  which  was  found  at  the  intake  of  the  waterworks  at  the  Chain  of  Rocks,  and 
which  was  found  also  in  the  water  of  Lake  Michigan,  but  which  was  not  found  in  the 
water  of  the  Missouri  River  or  the  water  of  the  upper  Mississippi  River,  or  in  any  of 
the  tributaries  of  the  Illinois  River  unless  we  consider  the  Chicago  drainage  canal  as 
being  a  tributary.     (1924.) 

The  summary  of  the  counts  of  this  class  of  organisms  appears  in 
Table  38.     (1925.) 

Table  38. — Average  results  of  examinations  for  microscopic  organisms  in  samples  taken 

at  designated  points. 

[Number  per  cubic  centimeters.] 


Source  of  samples. 


Lake  Michigan 

Drainage  canal  at  Lockport. . . : 

Desplamea  River  at  Loclcport 

All  other  tributaries  of  Illinois  River. ... 

Illinois  River  above  Peoria 

Illinois  River  at  Beardstown 

Illinois  River  at  Grafton 

Mississippi  River  at  Grafton 

Mississippi  River  at  Alton 

Missoun  River  at  Fort  Bellefontaine  . . . 
Mississippi  River  at  Chain  of  Rocks,  Illi- 
nois snore 

Intake  tower,  Chain  of  Rocks 

Settling  basin,  St.  Louis 


avnpdm  I    Tabel-    w^,„«,_^      Cyclo-      Asterio-    St^ba- 
8>nedra.      ^^^^      Meloslra.       ^^^^  ^^^jj^       nodiscus. 


25 
22 
113 
13 
10 
31 
41 
560 
124 
0 

396 
40 

68 


9 

1 
3 
0 
3 
307 
174 
6 

192 
93 

10 


Referring  to  this  table,  witness  stated  his  belief  that  the  16  Synedra 
found  at  the  St.  Louis  intake  came  not  from  the  Mississippi  nor  the 
Missouri,  but  from  Illinois  River,  and  that  since  there  were  577  Synedra 
in  Lake  Michigan  and  all  the  tributaries  of  the  Illinois  together  except 
Desplaines  River  gave  only  17  SyTiedra,  the  Synedra  at  the  intake 
came  from  Lake  Michigan  by  the  drainage  canal  and  Desplaines  River. 
Similarly  he  concluded  that  the  TaheUaria  found  in  the  settling  basiu 
came  mainly  from  the  lake  rather  than  from  any  other  source;  that 
the  Mehsira  found  at  the  intake  came  not  from  Illinois  River  nor  from 
Lake  Michigan,  but  from  Mississippi  River  above  Grafton;  that  the 
Cyclotella  came  chiefly  from  Mississippi  and  Illinois  rivers  and  only 
to  a  slight  extent  from  the  lake;  that  the  AsterioneUa  came  in  the 
main  from  the  Mississippi;  and  that  the  Stephanodiscus  came  mainly 
from  the  Mississippi  above  Grafton.     (1926-1929.) 

Mr.  Whipple  then  introduced  five  charts  (complainant's  Exhibit 
No.  47,  pis.  1-5)  showing  diagrammatically  the  figures  given  in 
Table  38,  and  discussed  the  variations  noted.     (1930-1934.) 

Two  diagrams  were  then  introduced,  one  showing  the  results  of  an 
examination  of  samples  from  twelve  points  in  a  cross  section  of  Miss- 
issippi River  above  Alton  and  the  other  the  results  of  a  similar  exami- 
nation of  eleven  samples  on  a  cross  section  of  the  Mississippi  about  1 
mile  above  Chain  of  Rocks.  Besides  the  numbers  of  the  microscopic 
organisms  in  these  samples  the  witness  determined  also  the  color  and 
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the  turbidity.  He  made  a  calculation  from  the  relative  numbers  of 
}ldo9vra,  CycloteUa,  AsterioneUaj  and  Stephanodiscus  present  in  the 
Missouri  River  water  at  Fort  Bellefontaine,  the  Mississippi  River 
water  at  Alton,  and  the  water  at  the  intake  of  the  St.  Louis  water- 
works to  determine  the  relative  amounts  of  Missouri  River  water  and 
Mississippi  River  water  (including  Illinois  River  water)  entering  the 
intake,  estimating  the  proportions  as  68  per  cent  of  Missouri  water  and 
32  per  cent  of  Mississippi  water.     (1934-1941 .) 

Mr.  Whipple  described  Mississippi  River  in  respect  to  the  direction 
of  its  banks  and  the  curves  of  the  river  between  the  mouth  of  the 
Missouri  and  Chain  of  Rocks.  He  stated  that  the  curves  were  of  such 
a  nature  that  they  would  tend  to  allow  or  increase  or  would  be  favor- 
able to  the  mixture  of  the  waters  which  came  down  Mississippi  and 
Missouri  rivers.  •  In  his  opinion,  if  the  figures  introduced  in  evidence 
concerning  the  total  solids  in  Missouri  and  Mississippi  river  waters 
(Table  20,  p.  63)  are  reliable,  then  the  calculations  based  on  them 
to  show  the  percentages  of  the  waters  of  the  two  rivers  entering  the 
intake  are  also  reliable.  He  stated  that  the  total  solids  were  the 
most  accurate  analytical  determinations  to  use  in  such  a  calculation, 
because  the  two  streams  in  question  diflFer  most  widely  in  that  respect. 
Chlorine,  alkalinity,  and  color  may  also  be  used  for  the  same  purpose. 
(1978-1989.) 

If  only  the  cities  on  the  drainage  area  of  Mississippi  River  above  St. 
Louis  having  25,000  population  or  more  are  considered,  the  addition  of 
Chicago  doubles  the  population  contributing  sewage  to  the  river,  while 
if  all  communities  having  a  population  of  4,000  or  more  are  considered 
the  addition  of  Chicago  increases  the  total  contributing  population 
by  63  per  cent.  The  limit  of  4,000  is  the  one  commonly  used  by  sani- 
Urians  in  considering  the  population  contributing  pollution  to  a  given 
drainage  area,  and  it  is  assumed  that  the  small  amount  of  pollution 
from  towns  not  included  in  the  estimate  is  balanced  by  an  equal 
amount  from  inhabitants  of  the  communities  included  who  are  not 
connected  with  sewerage  systems.     (1989-1991.) 

From  complainant's  Exhibit  No.  1,  already  in  evidence,  the  witness 
had  calculated  certain  average  analytical  figures,  as  follows:  Daily 
sample  from  October  30  to  November  29,  1901,  collected  at  five 
points  in  a  cross  section  of  Mississippi  River  at  Alton,  gave  the  average 
figures  shown  in  Table  39  for  nitrites  and  chlorine.  Station  A  was  at 
the  Missouri  shore,  station  E  at  the  Illinois  shore,  and  the  other  sta- 
tions were  intermediate.     (1992.) 
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T^fii/E  39. — Averages  qfnitnii^  and  cMorine  m  Misikmppi  River  ut  AUih 
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Similar  samples  for  the  same  period  from  five  points  in 
tion  of  Mississippi  River  at  Hartford  gave  the  average  re 
la  Table  40,     (1993.)  M 

Tabids  40. — Avtragm  of  nilHUM  mid  dilarint  in  Mmiuippi  Riv^  at  Jffo/t, 

to  November  i^,  9101. 
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From  these  figures,  together  with  similar  averages  fron 
River  at  Grafton  and  Illinois  River  at  Grafton  (the  latt« 

of  ayerage.s  not  being  offered  in  evidence),  the  witness  en 
percentage  of  Ilhnois  River  water  at  the  five  points  in  ea< 
tion,  as  shown  in  Table  41.     (1993-19940 

Tablk  41,— Perc£nlagf^  of  Ithuois  lUwr  tmlrr  in  Mmis^ippi  River  at  Alti 
ford,  OddffT  ^0  fd  Novetnher  S9,  1901. 
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The  longevity  of  the  typhoid  bacillua  in  natural  waters 

by  the  witness  to  I>e  sc^veral  months,  thtm^h  the  niimberH  ^ 
ually  decrease.  On  the  assumption  that  the  Oliicago  sewj 
the  St.  Ix>uis  intake  in  ten  and  one-half  days,  he  stated  as 
that  if  tvphoid  organisms  were  present  in  the  Chicago  sei 
of  lliem  would  survive  the  passage  to  the  intake,  and  that 
flood,  when  the  journey  from  the  lake  to  St.  Ijouis  is  rn« 
(lays^  a  to'eater  proportion  of  such  trcnns  woukl  survive. 
epitkmiics  at  Detroit  and  [jawrence,  in  both  of  which  thi 
had  persisted  in  the  water  for  a  period  of  over  ten  and  oni 
On  the  a^*3uniption  of  an  increased  typhoid  death  rate  i 
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since  the  o|>ening  of  the  drainage  canal  and  of  a  normal  amount  of  the 
disease  on  the  dramage  basin  of  Mississippi  River  above  the  city,  and 
the  further  assumption  that  the  source  of  the  St.  Louis  water  supply 
k<l  remained  unchanged  during  the  time  considered,  the  witness 
suted  that,  in  his  opinion,  the  increase  in  the  typhoid  death  rate  in 
St.  Louis  was  most  probably  due  to  the  discharge  of  the  Chicago  sew- 
age into  ]^Iississippi  River.     (1996-2002.) 

On  the  assumption  that  large  numbers  of  BudUus  prodigiosus  were 
placed  in  the  waters  of  the  drainage  canal  at  Lemont  and  that  the 
same  organism  was  found  in  the  city  water  of  St.  Louis  after  the  lapse 
oi  a  proper  time,  the  witness  beUeved  that  the  organisms  at  St.  Louis 
originated  in  those  placed  in  the  canal.  He  stated  that  the  longevity 
of  B.  typhosus  and  B.  prodigiosus  was,  so  far  as  his  experience  enabled 
him  to  judge,  about  the  same.  He  further  believed  that  if,  since  the 
opening  of  the  drainage  canal,  a  larger  amount  of  the  Chicago  sewage 
has  reached  Mississippi  River  than  formerly,  the  water  of  the  river 
has  become  less  valuable  as  a  source  of  domestic  supply.     (2002-2009. ) 

CROSS-EXAMINATION. 

On  cross-examination  Mr.  Whipple  stated  that  the  best  way  to 
determine  the  presence  of  sewage  in  water  is  to  actually  find  out 
whether  or  not  sewage  enters  the  water.  In  the  absence  of  this  infor- 
mation analytical  results  will  supply  the  information  in  some  cases 
only.  If  the  water  is  grossly  polluted,  analyses  will  show  the  presence 
of  the  contaminating  matter,  but  if  it  is  only  slightly  polluted  the 
presence  of  such  matter  can  not  be  determined  in  this  way.  There 
are  no  quaUties  of  water  which,  taken  alone,  would  enable  the  witness 
to  determine  possible  pollution,  but  among  the  quaUties  which  he 
Would  naturally  consider  in  forming  an  opinion  would  be  the  amount 
of  organic  matter  as  shown  by  the  determination  of  nitrogen  as  albu- 
minoid ammonia,  free  ammonia,  nitrites,  and  nitrates,  together  with 
the  amount  of  chlorine,  the  hardness,  the  total  and  suspended  solids, 
and  the  color;  also  the  number  of  bacteria  in  the  water  and  the  pres- 
ence of  particular  species  of^bacteria,  such  as  Bacillus  coli  communis. 
The  witness  stated  that  he  would  further  take  into  consideration  the 
possible  presence  of  certain  microscopic  organisms  commonly  asst)- 
ciated  with  sewage.  It  is  not  always  necessary  to  make  all  the  deter- 
minations above  noted.  With  respect  to  certain  of  the  determina- 
tions, the  witness  stated  that  there  is  no  such  substance  as  ^'albumi- 
noid ammonia,"  this  being  merely  a  form  of  expression  used  in 
describing  the  amount  of  organic  matter  present.  ^'Free  ammonia" 
Ls  used  in  a  similar  manner,  and  it  is  taken  to  mean  that  the  water  con- 
tains ammonium  compounds  that  on  boiling  are  broken  up  so  that  the 
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ammonia  is  driven  off.  Neither  of  the  two  terms  is  the  name  of  a  sub- 
stance actually  existing  in  the  water,  but  they  stand  for  substancOvS. 
(2051-2061.) 

With  reference  to  the  significance  of  the  presence  of  Bacillus  coli 
communis^  the  witness  said  that  he  could  not  state  definitely  that  it 
indicates  sewage  origin.  It  is  believed  by  many  scientists  that  thib 
organism  may  be  found  in  waters  where  pollution  is  remote.  It  is  a 
common  inhabitant  of  the  human  intestine  and  is  present  in  large  num- 
bers in  ordinary  sewage.  As  it  is  abundant  in  waters  knowTi  to  Ik* 
polluted  and  occurs  only  in  small  numbers  or  is  entirely  absent  m 
waters  presumably  not  polluted,  most  bacteriologists  agree  that  the 
test  for  the  presence  of  this  organism  is  highly  important  in  determin- 
ing the  presence  of  pollution.  If  the  organism  is  constantly  or  very 
often  present  in  a  water  it  is  probably  an  indication  of  sewage  con- 
tamination. In  the  opinion  of  the  witness,  however,  it  is  not  an  abso- 
lute test,  but  a  valuable  one,  to  be  interpreted  in  connection  udth  the 
remainder  of  the  analysis.  Even  though  tliis  bacillus  might  be  found 
in  the  intestines  of  fish,  it  would  not,  in  his  judgment,  materially 
influence  the  interpretation  to  be  made  from  the  results  of  the  coVi 
test,  because  it  had  been  liis  observation  that  fishes'  intestines  do  not 
ordinarily  contain  this  bacillus,  and  if  it  is  present  there  it  is  probably 
derived  from  the  water  in  which  the  fish  is  living.     (2075-2077.) 

Referring  to  micro-organisms,  the  witness  stated  that  he  did  not 
know  of  any  that  absolutely  demonstrate  the  presence  of  sewage,  l)ut 
there  are  certain  organisms  which  are  so  often  associated  with  sewage 
that  in  a  very  general  way  they  do  serve  as  an  index  of  its  presence. 
However,  it  could  not  be  asserted  that  a  stream  was  sewage  pollute<l 
merely  because  these  organisms  were  found  there.     (207S.) 

The  witness  could  not  state  definitely  the  number  of  typhoid  g;ermi 
discharged  by  one  patient,  but  as  a  general  statement  it  was  true  thai 
the  number  is  enormous.  Under  certain  conditions  this  niinil>e) 
would  be  sufficient  to  create  an  epidemic  if  they  were  turned  int< 
water  used  for  a  city  supply,  but  many  factors  would  be  involve<l 
among  which  are  the  original  vitality  of  the  organisms,  the  rate  al 
which  they  might  die  out  in  water,  the  relation  of  the  number  of  organ 
isms  to  the  amount  of  water  that  they  enter,  the  amount  of  sedimenta 
tion  that  might  occur  between  the  time  at  which  they  infected  th 
water,  and  the  time  at  which  they  entered  the  city  intake,  the  influ 
ence  of  certain  microscopic  organisms,  and  the  possible  influence  o 
sunlight.  He  knew  of  no  scientist  who  had  actually  demonstrate< 
how  long  the  bacillus  of  typhoid  will  live  in  the  sewage-contaminates 
water  of  a  stream,  but  some  men  have  arrived  at  certain  conclusion 
by  way  of  laboratory  experiments.  According  to  the  results  of  siic] 
experiments,  the  time  may  be  stated  as  varying  from  some  weeks  U 
some  months.     (2080-2082.) 
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The  witness  stated  that  he  knew  of  some  investigators  who  had 
claimed  to  have  discovered  the  typhoid  germ  in  river  water,  but  was 
unable  to  state  whether  the  claim  was  substantiated.  In  the  earlier 
days  of  bacteriolo^,  when  species  were  not  so  carefully  studied  as  they 
are  to-day,  certain  results  were  obtained  and  published  by  bacteriolo- 
psts  that  would  hardly  be  credited  in  the  present  state  of  the  science. 
(2082.) 

The  effect  of  dilution  was  then  discussed  by  the  witness,  who  stated 
that  if  a  certain  number  of  typhoid  bacilli  were  put  into  different 
amounts  of  water  and  thoroughly  mixed,  the  larger  quantity  of  water 
would  contain  the  fewer  bacteria  per  unit  volume.  This  statement, 
however,  assumed  a  uniform  distribution  of  the  bacilU  throughout  the 
water,  which  he  did  not  regard  as  a  condition  that  would  be  likely  to 
exist.  Usually  when  bacilU  are  discharged  into  water,  many  of  them 
are  clustered  together  and  held  in  that  condition  by  some  force  or  sub- 
stance, while  on  the  other  hand  some  of  them  are  widely  distributed 
throughout  the  water;  but  the  conditions  are  not  such  as  would  allow 
the  dangerous  qualities  of  typhoid-polluted  water  with  different 
de^es  of  dilution  to  be  fairly  compared.     (2083-2084.) 

Referring  to  the  speed  of  current  necessary  to  permit  sediment  at  icm, 
the  witness  stated  that  if  the  velocity  is  reduced  to  about  half  a  foot 
per  second,  sedimentation  of  suspended  matter  of  a  certain  character 
might  occur.  If  the  suspended  matter  were  coarser  it  would  settle  in 
a  current  of  greater  velocity,  but  he  could  imagine  such  matter  so  fme 
that  it  would  not  settle  even  if  the  velocity  were  only  a  quarter  of  a 
foot  per  second.  The  knowledge  of  the  subject  had  not  reached  a 
point  where  any  strict  rule  could  be  given.  The  whole  matter  of  sedi- 
mentation depends  on  the  character  of  the  suspended  matter,  the 
temperature,  and  other  conditions,  as  well  as  the  velocity  of  flow. 
Experiments  have  been  made  on  the  subject,  but  not  in  sufficient 
number  to  warrant  the  formulation  of  a  precise  statement.  (2088-2080.) 

It  was  the  opinion  of  the  witness,  from  what  he  knew  of  the  existing 
conditions  on  the  drainage  area  of  Missouri  River  and  from  the  fact 
that  there  are  salt  deposits  in  the  drainage  area  of  Kaw  River,  that  the 
amount  of  chlorine  found  in  Missouri  River  at  Fort  Bellefontaine  can 
not  be  used  as  an  index  of  pollution,  although  part  of  it  may  have  been 
derived  from  sewage  pollution,  because  the  effect  of  the  chlorine  from 
the  salt  deposits  would  interfere  with  interpretations  relating  to  sew- 
age pollution  alone.     (2090-2091.) 

With  reference  to  the  r6le  played  by  microscopic  organisms  in  the 
purification  of  waters,  the  witness  stated  that  there  was  practically 
no  knowledge  on  the  subject.  These  organisms  might  perhaps  exert 
some  influence  on  bacteria,  but  the  information  was  not  ver}^  definite. 
(2101.) 
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The  cross-examiner  then  referred  ti)  the  testimony  of  the  witness  in 
which  he  expressed  the  opinion  that  the  Synedra  pulcheUa  variety  ^i/i- 
prolongata  found  in  the  water  of  IHinois  and  Mississippi  rivers  was 
probably  derived  from  Lake  Michigan,  and  endeavored  to  draw  from 
him  a  statement  as  to  his  reasons  for  this  opinion.  The  witness  ad- 
mitted that  this  ororanism  could  exist  in  the  ponds  and  lakes  along  the 
lower  reaches  of  Illinois  River.  The  following  question  and  answer 
are^iven  substantially  as  they  appear  in  the  record: 

Q.  Assume  that  the  relative  amount  of  water  now  discharged  from  the  drainage 
canal  into  Illinois  River  is  gr(»at<T  than  that  naturally  flowing  in  that  river,  and  further 
assume  that  the  number  of  Synedra  and  Tabellaria  per  cub'ic  centimeter  in  the  waters  oi 
Lake  Michigan  and  in  the  wati^rs  of  the  Illinois  River  lakes  and  tributary  streams  are 
exactly  equal;  that  in  all  physical  respects  the  organisms  from  both  sources  have  equal 
vitality  when  they  start  from  their  habitat  on  a  journey  to  the  St.  Lt^uis  intake;  that  the 
ones  from  I^ke  Michigan  have  to  pass  through  the  drainage  eanal;  and  finally,  that 
these  microscopic  oi^nisms  are  found  in  the  water  at  the  St.  Louis  intake.  Elimina- 
ting all  other  considerations  than  those  above  mentirmed,  to  which  source  would  you 
prefer  to  attribute  them? 

A.  If  we  have  a  certain  volume  of  water  contributed  by  the  tributaries  of  Illinob 
River  and  the  assumed  lakes  wliicli  contain  a  certain  number  of  these  organisms,  and 
if  we  have  a  greater  volume  of  water  through  the  Chicago  drainage  canal  which  contain*' 
per  cubic  centimeter  an  i^qual  number  of  these  organisms,  and  assuming  a  thorough 
mixing  of  the  waters  from  l)oth  sources,  it  would  be  my  judgment  that  these  organisnf 
would  come  from  both  sourct^,  but  that  more  of  them  would  come  from  the  water  which 
was  greatest  in  volume,  provided  the  two  waters  contain  an  equal  number  per  cubic 
centimeter.  The  fact  that  the  organisms  fn^m  Lake  Michigan  had  traveled  through 
24  miles  of  sewage  would  be  of  no  practical  significance.     (2104-210(>.) 

The  witness  stated  that  if  bacilli  naturally  inhabiting  running  water 
should  be  removed,  developed  by  special  culture,  put  in  bottles  of 
sterilized  water,  and  hung  out  in  the  sun,  the  determination  of  their 
longevity  under  such  conditions  would  not  enable  us  to  tell  how  long 
they  would  live  in  natural  water  or  give  any  definite  information  on 
that  point,  although  it  might  guide  in  an  opinion  as  to  how  long  they 
might  hve.     (2111-2112.) 

With  reference  to  the  longevity  of  Bacillus  yrodigiosus,  it  was  the 
opinion  of  the  witness  that  if  a  stream  were  infected  with  a  large 
culture  the  numbers  of  the  bacteria  would  probably  decrease,  but 
just  how  rapidly  he  was  not  prepared  to  say.  If  a  40-gallon  barrel 
full  of  BacUhis  prodigiosus  culture  were  dumped  into  Illinois  River  at 
or  near  its  mouth  in  August,  1900,  and  if  in  November  of  the  follow- 
ing year  107  barrels  full  of  the  same  culture  were  discharged  into  the 
drainage  canal  near  Ijockport,  and  after  this  latter  discharge  a  colon v 
of  these  bacilli  were  found  at  the  intake  of  the  St.  Louis  water\vorks 
and  another  at  some  point  in  the  distribution  system  of  the  city,  the 
witness  would  naturally  assume  it  to  be  more  reasonable  to  consider 
that  these  colonies  were  derived  from  the  second  discharge,  if  tliev 
came  from  either,  because  during  the  interval  between  August,  1900, 
and  November,  1901,  all  of  the  water  in  Illinois  and  J^Iississippi 
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rivers  between  the  point  where  the  first  dose  was  added  and  the 
intake  of  the  St.  Louis  waterworks  would  have  passed  downstream, 
and  many,  if  not  all,  of  the  bacilli  would  have  died  in  that  time. 
IJerefore  it  was  not  likely  that  the  B.  prodigiosus  found  in  St.  Ix)uis 
in  1901  were  derived  from  the  culture  discharged  into  Illinois  River 
in  August,  1900.     (2112-2114.) 

The  importance  to  be  attached  to  the  numerical  results  of  a  single 
bacteriological  examination  of  water  was  discussed  by  the  witness, 
who  stated  that  if  the  number  of  bacteria  was  extremely  low  it  might 
indicate  a  comparatively  good  sanitary  condition;  if  extremely  high 
it  might  indicate  the  reverse,  but  if  the  number  was  intermediate  no 
conclusions  could  be  drawn  from  that  alone.  In  order  to  obtain  the 
most  accurate  result  the  bacteriological  examination  of  a  sample 
should  be  begun  immediately  after  its  collection,  though  the  charac- 
ter of  the  water  would  to  a  considerable  extent  determine  this  point. 
A  water  containing  comparatively  little  food  for  bacteria  might  be 
allowed  to  stand  longer  before  the  bacteriological  examination  than  a 
water  rich  in  organic  matter,  and  the  result  of  the  examination  would 
not  be  seriously  affected.     (2120-2122.) 

The  witness  expressed  the  opinion  that  investigators  had  not  ascer- 
tained by  any  experiments  the  probable  duration  of  pathogenic 
fjernis,  such  as  the  typhoid-fever  bacillus,  in  running  water.  In  gen- 
eral, experiments  such  as  had  been  made  umler  laboratory  conditions 
would  be  less  favorable  to  such  bacteria  than  natural  conditions.  Of 
course,  it  must  be  considered  that  circumstances  alter  cases,  but  in 
ven-  general  terms  he  believed  this  statement  to  be  true.  He  was 
referred  by  the  cross-examiner  to  page  294  of  a  work  entitled  ''Micro- 
organisms in  water,"  by  Percy  and  G.  C.  Frankland,  in  which  the 
results  of  experiments  made  by  Krans  with  unsterilized  waters  were 
Wted.  On  this  page  the  statement  was  made  that  the  typhoid  bacilli 
had  disap[>eared  or  were  no  longer  demonstrable  when  the  water 
bacteria  became  active.  The  witness  stated  that  he  was  of  the 
opinion  that  no  such  assertion  could  be  warranted,  because  the  iden- 
tification of  the  typhoid  bacillus  in  the  presence  of  common  water 
bacteria  is  extremely  difficult  and  in  most  instances  impossible.  The 
♦letails  of  the  report  were  then  enumerated,  nameh^,  that  the  water, 
taken  from  the  Munich  supply,  contained  on  the  first  day  57,960 
typhoid  bacilli;  on  the  second  day,  50,400;  on  the  third  day,  15,6(S0; 
on  the  fifth  day,  9,000,  and  on  the  seventh  day  none,  while  there  were 
110  ordinary  water  bacteria  on  the  first,  second,  and  third  days,  80  on 
the  fifth  day,  288,000  on  the  seventh  day,  400,000  on.the  ninth  day, 
and  970,000  on  the  twentieth  day.  In  regard  to  these  results,  the 
witness  stated  that  it  was  no  wonder  that  the  investigator  did  not 
find  the  typhoid  bacilli  in  the  samples  at  the  end  of  the  seventh,  ninth, 
or  tenth  days,  because  he  believed  it  a  bacteriological  impossibility  to 
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demonstrate  the  presence  of  typhoid  gemis  under  such  circumstances, 
and  he  would  question  whether  the  results  obtained  would  actually 
stand  the  test  of  present-day  methods.  The  subject  has  been  very 
carefully  considered,  and  the  poverty  of  the  results  shows  the  dif^ictt^ 
ties  encountered.     (2131-2133.) 

The  cross-examiner  then  cited  two  series  of  results  given  in  the 
work  above  mentioned.     The  first  referred  to  the  river  Spree.     The 
water  of  this  river  passes  through  Berlin  and  receives  the  city  sewage. 
A  few  miles  below  Berlin  the  river  wddens  into  a  fairly  quiescent 
body  of  water  known  as  Havre  Lake.     The  results  show  that  the 
water  leaving  Havre  Lake  had  become  purified  from  the  effects  of 
Berlin  sewage  to  such  an  extent  that  its  condition,  as  shown  by  the 
analytical  results,  was  practically  the  same  as  above  Berlin.     The 
second  case  was  that  of  the  river  Limmat,  flowing  out  of  Lake  Zurich. 
The  number  of  micro-organisms  in  the  water  as  it  leaves  the  lake 
varies  from  100  to  200  per  cubic  centimeter.     This  number  is  increased 
enormously  by  the  inflow  of  sewage  from  the  city  of  Zurich;  but  at  a 
point  about  6  miles  below,  the  bacterial  condition  approaches  that  of 
the  water  as  it  leaves  the  lake.     The  cross-examiner  then   asked 
whether,  in  view  of  these  two  instances,  on  the  assumption  that  the 
conditions  are  truly  stated,  it  was  not  highly  probable  that  the  water 
of  Illinois  River  above  Peoria,  a  distance  of  over  100  miles  from 
Chicago,  w^ould  have  attained  a  bacteriological  condition  similar  to 
that  which  it  had  before  it  received  the  Chicago  sewage.     The  wit- 
ness stated  that  the  results  cited  would  not  be  of  any  material  value 
in  estimating  what  the  bacteriological  conditions  would  be  at  Peoria, 
but  that  the  experiments  made  seemed  to  be  in  line  with  what  is 
generally  known  in  regard  to  the  decrease  in  the  total  number  of 
bacteria  in  streams  below  points  at  which  pollution  is  introduced. 
It  is  ((uite  conceivable  that  the  conditions  in  Illinois  River  between 
the  Chicago  drainage  canal  and  Peoria  are  such  that  the  total  number 
of  bacteria  at  the  latter  point  might  be  as  low  or  even  lower  than  in 
the  water  of  Lake  Michigan;  but  in  taking  this  into  consideration  the 
character  of  the  bacteria  at  Peoria  must  be  considered.     The  proba- 
bility is  that  pathogenic  germs  would  decrease  in  transit,  as  well  as 
the  water  bacteria;  but  whether  they  would  decrease  in  exactly  the 
same  proportion  the  witness  w^as  not  able  to  state.     It  is  conceivable 
that  there  might  be  a  greater  decrease  in  the  pathogenic  germs  than 
in  the  ordinary^  water  bacteria,  but  that  would  depend  on  the  char- 
acter of  the  water  bacteria  and  the  conditions  of  the  water.     It 
should  be  remembered  that  even  the  water  bacteria  are  not  at  all 
times  multiplying.     They  are  sometimes  dying,  and  certain  forms  oi 
the  water  bacteria  might  die  at  even  a  greater  rate  than  the  typhoid 
bacilli  under  such  conditions.     If  we  neglect  all  other  considerations, 
such  as  sedimentation,  etc.,  and  consider  only  the  fact  that  typhoid 
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bacilli  do  not  multiply  in  water,  while  water  bacteria  will  multiply 
under  the  conditions  presumed,  it  is  not  probable  that  the  tj-phoid 
bacilli  would  remain  alive  in  water  as  long  as  the  water  bacilli;  but 
in  practice,  it  would  not  do  to  neglect  all  other  considerations  in  study- 
ing a  problem  of  this  character.     (2133-2138.) 

The  witness  then  stated  that  the  reason  why  cities  having  a  popu- 
lation of  4,000  or  over  were  often  considered  in  estimates  as  having  a 
polluting  influence  on  the  water  of  a  river,  while  those  of  a  smaller 
population  were  not  so  considered,  was  that  this  Umit  furnishes,  on 
the  whole,  a  better  means  of  comparing  the  effect  of  human  life  on 
different  drainage  areas  than  to  take  the  total  population.  The 
reason  for  this  was  that  throughout  the  country,  communities  of  4,000 
population  or  over  are  more  cormnonly  provided  with  a  public  water 
j^pply  than  those  having  less  than  4,000.  The  witness  admitted 
that  this  is  an  arbitrary  distinction,  but  claimed  that,  taken  broadly 
all  over  the  country,  it  is  a  fair  one.  It  is  true  that  rural  pollution 
may  be  washed  from  barnyards  and  feeding  pens  by  rains  into  a 
river,  but  such  added  pollution  has  no  real  effect,  because  there  is  at 
the  same  time  an  enormous  dilution,  so  that  the  result  may  not  be 
different  from  that  which  would  occur  under  normal  conditions  with 
a  constant  pollution  of  the  stream  by  a  sewer,  for  example.  (2145- 
2147.) 

ALLEN    HAZEN. 

DIRECT   EXAMINATION. 

Allen  Hazen  was  called  as  a  witness  in  behalf  of  the  complainant. 
In  qualifying  as  an  expert  on  water  supplies,  Mr.  Hazen  stated  that 
he  was  educated  at  the  public  schools  of  Hartford,  Vt.,  at  the  New 
Hampshire  State  College,  the  Thayer  School  of  Civil  Engineering, 
Hanover,  N.  H.,  and  at  the  Massachusetts  Institute  of  Technology, 
and  later,  for  one  term,  at  the  technical  school  in  Dresden,  Germany. 
He  further  testified  that  he  had  made  a  special  study  of  the  chemistry 
of  water  supplies;  that  for  a  number  of  years  he  was  in  direct  charge 
of  the  experiment  station  of  the  Massachusetts  State  board  of  health 
at  Lawrence,  with  the  title  of  chemist;  that  he  had  twice  visited 
Europe  and  studied  the  water  supplies  and  sewerage  systems  of  most 
of  the  lai^e  cities  there;  that  he  was  in  charge  of  the  sewage-disposal 
plants  and  the  inspection  of  drinking  waters  at  the  world^s  fair  at 
CTiicAgo  at  1893;  and  that  he  was  at  one  time  a  member  of  the  firm  of 
Xoyes  &  Hazen,  of  Boston,  who  gave  special  attention  to  water  supply 
and  sewerage  problems.  He  advised  the  city  of  Albany,  N.  Y.,  on 
the  subject  of  its  water  supply  and  later  superintended  the  construc- 
tion of  sand  filters  there;  was  then  building  a  filter  for  the  city  of 
Ithaca,  N.  Y.,  and  had  been  engaged  in  similar  work  for  Harrisburg, 
Pittsburg,  Chester,  and  Lancaster,  Pa.;  West  Superior,  Wis.;  Water- 
town  and  Yonkers,  N.  Y.;  Providence,  R.  L;  Washington,  D.  C; 
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Trenton,  N.  J.;  Toledo,  Ohio;  Grand  Rapids,  Mich.,  and  Millbun', 
Mass.;  and  for  a  few  years  acted  as  consulting  engineer  for  the  Ohio 
State  board  of  health.  In  1891  the  witness  visited  Chicago  and  ex- 
amined its  waterworks  and  sewerage  systems,  becoming  generally 
familiar  with  the  conditions  existing  at  the  time.  In  1892  he  pub 
lished  jointly  with  Professor  Sedgwick  a  paper  on  the  water  supply 
and  t}T)hoid  fever  in  Chicago.  In  1893,  with  Doctor  Reynolds 
health  commissioner  of  Chicago,  he  wrote  a  joint  paper  on  the  watei 
supply  of  Chicago,  which  was  read  before  the  American  Public  Healtl 
Association.  The  following  j^ear  he  wrote  a  report  on  the  drinking 
water  used  at  Jackson  Park  during  the  world's  fair.  He  was  a  mem- 
ber of  the  commission  appointed  in  1901,  consisting  besides  him  sell 
of  Messrs.  Williams  and  Wisner,  to  report  on  an  improved  watei 
supply  for  St.  Louis.  He  then  examined  thoroughly  the  water  sys^ 
tem  of  the  city  and  the  whole  drainage  area.     (2789-2798.) 

The  \\atness  stated  that  he  believed  that  the  quality  of  the  water  a1 
the  St.  Louis  intake  was  seriously  damaged  by  the  sewage  of  Chicago 
and  based  this  view  on  the  facts  that  the  amount  of  sewage  enteriii« 
the  watercourses  above  the  intake  has  been  nearly  doubled  by  thii 
discharge;  that  the  distance  between  Chicago  and  St.  Louis  is  ver\ 
considerably  less  than  the  average  distance  of  the  other  points  ol 
pollution  from  the  St.  Louis  intake;  that  the  mixing  of  the  waters  ir 
the  channel  of  the  Mississippi  is  such  that  the  amount  of  sewag< 
received  at  the  intake  is  a  large  percentage  of  what  it  would  be  if  th< 
mixing  were  complete;  and  that  the  time  of  passage  from  the  poinl 
of  pollution  to  the  intake  is  not  sufficient  to  allow  the  complete 
destruction  of  the  injurious  and  polluting  matters  discharged.  Ii 
view  of  these  facts  the  witness  believed  that  the  discharge  of  the  sew 
age  of  Chicago  into  Mississippi  River  by  way  of  the  drainage  canal 
Desplaines  River,  and  Illinois  River  "seriously  injures  the  qualit} 
of  the  water.^^     (2799-2802.) 

CROSS-EXAMINATION. 

The  witness  gave  evidence  of  thorough  familiarity  with  the  water 
supply  system  of  the  city  of  St.  Louis  and  the  conditions  of  the  Illi 
nois,  Mississippi,  and  Missouri  river  basins  above  the  intake,  witl 
reference  to  their  population,  the  pollution  of  the  rivers,  and  the  degree 
of  mixing  which  takes  place,  such  familiarity  arising  from  his  wort 
as  commissioner  in  1901.  In  connection  with  this  work  he  had  exam- 
ined the  waterworks  plants  at  Kansas  City,  St.  Joseph,  and  Omaha 
on  Missouri  River,  and  taken  into  consideration  the  discharge  o^ 
sewage  into  the  stream  from  these  cities.  lie  finally  stated  that  h( 
did  not  consider  Mississippi  River  at  Chain  of  Rocks  a  fit  source  o\ 
supply  nor  would  the  water  be  safe  for  drinking  even  though  th^ 
pollution  brought  in  by  the  Illinois  were  eliminated.     The  citia 
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lying  along  Missouri  and  Mississippi  rivers  above  St.  Louis  discharge 
sufficient  polluting  material  to  render  the  use  of  the  water  without 
previous  purification  dangerous.     (2809-28 1 3) . 

Li  explanation  of  the  comparative  statements  concerning  the  safety 
of  water  which  he  had  made,  the  witness  said  that  some  waters  are  so 
polluted  that  they  cause  the  death  of  more  than  one  person  per  thou- 
sand per  annum  from  tj^^hoid  fever;  in  fact,  sometimes  as  many  as 
four  or  five  persons;  such  water  is  extremely  bad,  and  probably  as 
bad  as  is  used  anywhere  in  the  United  States.  Waters  that  are  less 
polluted  than  this  produce  smaller  amounts  of  sickness  and  death. 
It  is  difficidt  to  draw  the  line  absolutely  and  it  may  be  a  question 
whether  even  the  best  waters  are  absolutely  free  from  suspicion  of 
causing  tjT>hoid.  But  when  a  water  causes  so  little  sickness  that  it 
can  not  be  traced  and  measured,  it  is  classed  as  a  good  water,  so  that 
the  various  degrees  of  acceptability  are  merely  relative,  depending  on 
the  eflfect  of  the  water  on  the  persons  using  it  habitually  as  a  beverage; 
no  sharp  line  of  demarkation  can  be  drawn.     (2814.) 

The  witness  stated  that  the  diversion  of  Chicago  sewage  from  the 
lake  and  into  the  drainage  canal  would  undoubtedly  greatly  improve 
the  Chicago  water  supply,  but  that  he  was  of  the  opinion  that  it 
would  not  render  it  absolutely  safe,  because  the  shipping  is  a  source 
of  considerable  pK)llution.  The  matter  discharged  from  vessels  enter- 
ing and  leaving  Chicago  is  undoubtedly  a  menace  to  the  purity  of  the 
water  supply,  but  just  how  important  a  menace  the  witness  was  not 
prepared  to  say.     (2817-2819.) 

The  dilution  of  Chicago  sewage  by  the  large  influx  of  Lake  Michi- 
^n  water,  according  to  the  witness,  would  not  mitigate  the  danger 
to  St.  Louis,  Such  dilution  would  have  some  effect  on  the  sewage, 
but  its  effect  on  the  specific  germs  of  disease  would  be  doubtful,  and 
these  germs,  after  all,  are  the  real  sources  of  danger.  In  discussing 
the  various  factors  in  the  self-purification  of  streams,  the  witness 
stated  that  sedimentation  is  a  mere  transference  of  some  of  the 
polluting  matters  from  the  moving  water  to  the  bottom  of  the  stream. 
He  would  not  call  that  purification,  because  such  sewage  matter  is 
liable  to  be  taken  up  again  and  transported.  If  the  water  alone  is 
considered  it  is  purification,  but  in  a  broad  view  of  the  whole  subject 
it  is  not.     (2824-2825.) 

The  witness  stated  that  no  definite  length  of  time  could  be  set 
during  which  it  would  be  necessary  for  such  sewage  to  lie  upon  the 
bottom  of  a  stream  in  order  to  become  noninjurious,  but  that  in  the 
iiillbury  case  he  was  confronted  by  the  proposition,  backed  up  by 
eminent  experts,  that  the  trouble  was  due  to  sewage  mud  which  had 
been  deposited  several  years  previously.     (2827.) 

With  reference  to  the  function  of  analytical  work  in  sho^ving  the 
potability  of  water,  the  witness  stated  that  chemical  analyses  never 
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show  infection;  they  can  only  show  pollution,  from  which  infection 
can  sometimes  be  inferred.  The  bacteriological  examination  niay 
possibly  show  the  presence  of  infectious  matter,  but  the  difficulty  of 
finding  it,  even  when  it  is  known  to  be  present,  is  so  great  that  it  is 
very  seldom  found.     (2837.) 

The  witness  was  then  questioned  concerning  the  relative  importance 
of  cases  and  of  deaths  as  an  index  of  the  amount  of  typhoid  fever 
present,  replying  that  if,  as  stated,  the  number  of  deaths  from  typhoid 
fever  at  St.  LouLs  were  168  in  1900,  198  in  1901,  and  222  m  1902,  and 
the  total  number  of  causes  reported  were  for  the  same  ye^rs  1,213, 
1,101,  and  1,112,  respectively,  he  would  give  greater  weight  to  the 
deaths  than  to  the  cases  in  considering  the  amount  of  typhoid  in  the 
city.  lie  believed  that  under  the  conditions  prevailing  in  American 
cities  the  number  of  deatlis  from  t^^hoid  is  a  more  accurate  measure 
of  the  t}Tphoid  than  the  number  of  cases,  because  the  deaths  are 
more  accurately  and  carefully  reported.  The  above  record,  if  true, 
would  indicate  that  the  disease  was  occurring  with  greater  severity, 
and  this  might  reasonably  be  called  an  increase  in  the  typhoid  con- 
dition.   -{28:38-2841.) 

In  answer  to  questions  as  to  the  amount  of  mixing  which  occurs 
at  the  junction  of  the  Missouri  and  the  Mississippi,  Mr.  Hazen  stated 
that  from  analyses  which  he  had  seen  it  was  his  belief  that  the  water 
received  at  the  St.  Louis  intake  contained  30  per  cent  of  Mississippi 
River  water.  lie  could  not  state  how  much  of  this  water  came  from 
the  Illinois,  but  was  of  the  opinion  that  the  mixing  of  the  Illinois  and 
the  Mississippi  waters  was,  owing  to  the  nature  of  the  channel,  fairly 
complete.     (2844-2S47.) 

WILLIAM    THOMPSON    SEDGWICK. 

DIRECT  p:xamination. 

William  Thompson  Sedgwick,  called  as  a  witness  on  behalf  of  the 
complainant,  qualified  as  an  expert  by  stating  that  he  graduated  at 
Sheflield  Scientific  School,  Yale  University,  in  1877;  studied  for  the 
greater  part  of  two  ^ears  at  Yale  Medical  School;  taught  physio- 
logical chemistry  at  Yale  for  one  year,  and  then  became  fellow,  assist- 
ant, and  associate  at  Johns  Hopkins  University;  since  1883  had  been 
assistant  professor,  associate  professor,  and  professor  in  the  Mas- 
sachusetts Institute  of  Technology;  received  the  degree  of  doctor  of 
philosophy  at  Johns  Hopkins  in  1881 ;  served  as  biologist  to  the  State 
boaril  of  health  of  Massachusetts  from  1888  to  1896;  is  a  member  of 
the  American  Academy  of  Arts  and  Sciences,  Massachusetts  Asso- 
ciation of  Boards  of  Health,  New  England  Waterworks  Association, 
Society  of  American  Bacteriologists,  American  Society  of  Naturalists, 
American  Public  Health  Association,  and  of  the  advisory  board  of 
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the  hygienic  laboratory  of  the  United  States  Public  Health  and 
Marine-Hospital  Service;  past  president  of  the  American  Society  of 
Naturalists  and  of  the  Society  of  American  Bacteriologists;  has  been 
employed  by  various  cities  and  towns  as  an  expert  in  water  supply 
and  sewage  dispK)sal,  especially  by  Burlington,  Vt.,  Pittsburg,  Pa., 
and  Lowell,  Mass.;  is  the  author  of  a  text-book  on  general  biology 
and  of  a  treatise  on  the  principles  of  sanitary  science  and  the  public 
health;  has  made  numerous  reports  and  investigations  of  epidemics 
of  typhoid  fever  for  the  State  board  of  health  of  Massachusetts  and  a 
report  on  typhoid  fever  in  Pittsburg  in  1898;  has  published  numer- 
ous papers  on  water  supply,  water  purification,  and  sewage  purifica- 
tion; and  in  1892,  in  collaboration  with  Allen  Hazen,  published  a 
paper  on  typhoid  fever  in  Chicago.     (2184-2185.) 

The  witness  then  made  certain  general  statements  concerning  the 
Chicago  water  supply  and  methods  of  sewage  disposal,  and  stated 
that  he  was  familiar  with  conditions  prevailing  in  the  Illinois  River 
basin  along  the  Mississippi  above  St.  Louis  and  in  general  through- 
out the  drainage  basin  of  Missoiu'i  River.  He  defined  ordinary  pol- 
lution as  a  condition  in  which  the  water  contains  organic  matter,  or 
even  filth,  from  whatever  source  and  in  whatever  degree  of  putre- 
faction, without  the  presence  of  the  specific  germs  of  any  disease; 
the  term  infectious  pollution  refers  to  water  containing  germs  of  dis- 
ease, without  reference  to  the  amount  of  putrescible  organic  matter 
or  any  physical  condition  whatever.  A  water  polluted  with  organic 
wastes,  however  bad  it  may  appear,  is  not,  in  general,  dangerous  to 
public  health  if  it  does  not  contain  the  specific  germs  of  a  water-borne 
disease;  on  the  other  hand,  a  water  that  is  perfectly  clear  and  accept- 
able from  a  physical  standpoint  may  be  dangerous  to  public  health 
bv  reason  of  the  presence  of  disease  germs.     (2187-2190.) 

Mere  dilution  does  not  destroy  or  eliminate  infectious  pollution. 
Under  dilution  alone,  the  sewage  turned  into  Illinois  River  from  the 
sanitary  district  of  Chicago  would  not  be  rendered  safe  and  pure  by 
the  time  it  reached  Peoria.  In  this  whole  matter  of  self-purification 
of  streams  the  ideas  of  to-day  are  very  different  from  those  of  twenty 
or  thirty  years  ago.  Running  water  under  some  conditions  might 
purify  itself  from  infectious  germs,  but  those  conditions  would  be  so 
unusual  as  to  be  virtually  theoretical.  Experts  have  abandoned  the 
old  belief  that  running  water  readily  purifies  itself.  Acting  on  that 
belief,  which  was  the  result  of  the  best  knowledge  available  twenty  or 
thirty  years  ago,  numerous  cities  and  towns  of  the  United  States 
installed  waterworks  with  intakes  in  streams  into  which  sewage  had 
been  poured  at  points  above.  That  was  the  best  art  of  the  time,  and 
engineers,  chemists,  and  sanitarians  agreed  about  it.  The  city  of 
Pittsburg,  for  example,  introduced  a  water  supply  from  Allegheny 
River  with  the  confident  beHef  that  such  sewage  as  might  find  its  way 
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into  that  river  at  points  above  would  be  eflFectually  removed  before 
the  water  came  to  the  citizens.  That  belief  has  been  found  to  be 
erroneous.  Pittsburg  suffers  to-day  with  typhoid  fever  perhaps  more 
than  any  other  city  of  the  United  States.  The  cities  on  the  lakes- 
Niagara  Falls,  Buffalo,  Cleveland,  Detroit,  Chicago,  Milwaukee, 
Duluth — take  water  suppHes  exposed  to  contamination  by  sewage, 
and  are  to-day,  one  after  another,  considering  at  any  rate  the  possi- 
bility of  abandoning  such  supplies,  because  of  the  failure  of  the  self- 
purification  of  sewage.  Nevertheless,  there  is  a  large  measure  of 
self-purification  of  streams.  The  subject  is  complex  and  difficult, 
and  the  tendency  of  opinion  has  been  to  increase  distrust  in  the 
efficiency  of  self-purification  of  water  or  sewage.     (2191-2192.) 

In  reply  to  specific  questions  concerning  the  effect  of  the  discharge 
of  Chicago  sewage  from  the  drainage  canal,  the  witness  stated  that 
such  discharge  at  once  throws  suspicion  on  the  character  of  the  water 
in  Illinois  River  and  undoubtedly  affects  the  entire  water-supply 
value  of  the  stream  and  that  of  the  Mississippi  at  the  St.  Louis  water- 
works, rendering  the  water  dangerous  for  drinking  purposes  and  more 
liable  to  carry  germs  of  typhoid  fever.     (2193-2195.) 

The  addition  to  the  flow  of  Illinois  River  of  the  water  from  the  Chi- 
cago drainage  cana^,  equivalent  to  about  five-sixths  of  the  minimum 
flow  of  said  river,  will  quicken  the  flow  in  the  channel  and  thereby 
hinder  effective  sedimentation  by  shortening  the  time  required  for 
infectious  germs  to  pass  through  the  river,  and,  by  interfering  with 
their  detention,  will  aggravate  the  danger  of  their  arrival  at  the  mouth 
of  the  river.  The  witness  laid  especial  stress  on  the  statement  that 
any  factor  which  results  in  quickening  the  flow  of  the  stream  is  of 
grave  importance.  The  time,  more  than  the  distance,  is  the  basis  of 
self-purification  in  streams.  Other  things  being  equal,  the  rate  of 
sedimentation  is  quicker  in  a  turbid  water  than  in  a  clear  water.  An 
addition  of  clear  water,  like  that  from  Lake  Michigan,  to  the  water  of 
Illinois  River  will  serve  to  retard  sedimentation.  Therefore  these  two 
factors — namely,  the  quickening  of  stream  flow  by  the  addition  of  a 
large  quantity  of  water  and  the  partial  clarification  of  the  river  due  to 
the  fact  that  this  water  added  from  Lake  Michigan  is  clear- -undoubt- 
edly have  the  effect  of  increasing  typhoid  fever  in  St.  Louis.  (2195- 
2196.) 

The  witness  stated  that  the  matter  deposited  in  the  bed  of  a  running 
stream  may  lie  there  for  some  time  or  may  be  swept  out  by  an  increase 
in  the  velocity  of  the  stream.  In  case  it  is  allowed  to  remain  for  some 
time,  it  may  be  more  or  less  modified  by  chemical  and  bacterial  action. 
If  it  is  swept  from  the  bottom  of  the  stream  by  an  increase  in  the  veloc- 
ity, it  may  be  redeposited  at  lower  points  or  pass  into  some  other  body 
of  water.  In  regard  to  the  longevity  of  typhoid  as  a  general  proposi- 
tion in  connection  vnth  sewage-polluted  water,  to  speak  broadly, 
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recent  observations  have  indicated  a  greater  longevity  than  was  for- 
merly supposed.  Practical  experience  has  shown  that  in  a  sewage- 
polluted  stream  tj-phoid  gemis  may  live  in  gradually  diminishing  num- 
l)ers  for  weeks  or  months,  or  even  years.  Continuing,  the  witness 
stated  that  even  if  the  number  of  colon  bacilli,  as  shown  by  actual 
tests,  was  no  higher  subsequent  to  the  opening  of  the  canal  than  pre- 
viously, it  does  not  indicate  that  the  water  is  not  more  dangerous  for 
drinking  purposes.  The  mere  fact  that  a  vast  additional  population 
is  contributing  sewage  to  Illinois  River  must  always  constitute  an 
added  menace  to  the  health  of  the  persons  using  the  waters  of  the  river 
at  its  mouth  or  below.  Bacteriological  examinations  are,  in  the 
opinion  of  the  witness,  not  absolute  guides  as  to  the  sanitary  condi- 
tion of  w^ater,  because  they  obviously  can  not  be  made  at  every 
moment  or  at  all  tinier  or  at  all  seasons  or  hours  of  the  day,  and  there- 
fore there  might  be  intervals  between  times  of  sampling  when  infec- 
tious materials  would  flow  by  and  thus  escape  analysis,  but  neverthe- 
less would  pass  on  and  do  hann  to  the  people  using  the  water  below. 
2197-2198.) 

If  typhoid-fever  germs  coming  from  Chicago  sewage  are  deposited 
in  large  numbers  in  the  lake^  and  slack-water  portions  of  Illinois  River 
above  Peoria,  in  event  of  flood  conditions  the  water  leaving  these 
lakes  might  contain  more  infectious  and  dangerous  pollution  than  the 
sewage  entering  Desplaines  River  at  the  Bear  Trap  dam,  because  a 
larg:e  amount  of  typhoid  fever  in  Chicago  might  result  in  the  storage 
'f  vast  numbers  of  these  germs  in  the  slack-water  basins,  and  a  sudden 
tt<x)d  would  sweep  out  this  accumulation,  so  that  sometimes  more 
typhoid-fever  germs  would  be  flowing  in  Illinois  River  than  in  the 
drainage  canal  itself.  The  witness  then  mentioned  the  case  of  the 
city  of  Detroit,  where  the  removal  of  deposits  of  sewage  matter  Had 
resulted  in  a  typhoid-fever  epidemic.  The  dredging  of  Black  River 
at  Port  Huron  caused  the  carriage  of  detached  sediment  down  St. 
Clair  River,  through  St.  Clair  Lake,  and  into  the  intake  of  the  Detroit 
waterworks.     (2 1 98-2 1 99.) 

Continuing,  the  witness  expressed  the  opinion  that  the  water  of 
Illinois  River  as  it  enters  the  Mississippi  can  not  be  used  with  safety 
for  drinking  purposes.  Assuming  that  the  only  pollution  of  the  Illi- 
nois is  contributed  to  it  by  the  Chicago  sanitary'  district,  he  was 
emphatically  of  the  opinion  that  the  effects  of  time  interval,  dilution, 
and  sedimentation  between  Chicago  and  Grafton  would  not  be  suffi- 
cient to  render  the  water  as  it  enters  the  Mississippi  at  all  times  free 
fnmi  disease-producing  elements.  In  support  of  this  ccmtention  he 
'ited  the  I^well  epidemic,  in  which  the  large  body  of  water  in  Morri- 
mac  River  was  contaminated  by  a  small  amount  of  water  in  Stony 
Brook,  and  compared  the  conditions  as  to  volume  and  size  of  the 
rivers  under  consideration.     (2199-2201.) 
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The  witness  stated  that  for  fifteen  years  prior  to  1900  the  typhoid 
death  rate  of  St.  Ijouis  was  not  in  general  greater  than  that  of  many 
cities  provided  with  purer  water  supplies.  During  the  j)eriod  follow- 
ing the  removal  of  the  water  intake  from  Bissells  Point  to  Chain  of 
Rocks,  the  typhoid  death  rate  in  the  city  had  been  remarkabl}'  good- 
lower  in  fact,  than  the  rate  for  the  same  period  in  Boston,  which  has 
a  good  water  supply  and  a  reasonably  normal  incidence  of  the  disease. 
Since  January- 1, 1900,  there' has  been  a  marked  annual  increase  in  the 
t>7)hoid  rate  of  St.  Louis,  which  has  been  higher  than  at  any  time  in 
its  own  history  since  1885,  and  very  much  higher  than  the  Boston 
rate,  with  which  it  previously  compared  favorably.  The  increase  in 
the  number  of  deaths  from  t\T)hoid  fever  in  St.  Louis  between  January 
1,  1900,  and  the  date  of  the  testimony,  over  the  number  of  deaths 
from  the  same  disease  in  the  previous  fifteen  years,  excluding  one 
year  (1892)  in  which  there  was  a  great  epidemic  due  to  the  causes 
specified  in  the  testimony  of  Doctor  Ravold,  has  been  about  26  per 
cent,  while  the  increase  since  January  1,  1900,  in  annual  mortality 
from  typhoid  over  that  for  the  preceding  five  years,  was  73  p>er  cent. 
Before  1900  the  typhoid  death  rates  of  St.  Louis  and  of  Boston  were 
below  those  of  most  cities  having  polluted  water  supplies.  New 
York  has  the  lowest  death  rate  from  t^^ihoid  fever;  Boston  and  St. 
Louis  ran  very  closely  together  until  January  1,  1900,  since  which 
time  Boston  has  gone  lower  and  St.  Louis  increased;  Philadelphia 
shows  a  much  higher  death  rate  than  Boston  and  St.  Louis,  while 
Chicago  has  the  worst  record  of  all.     (2202-2203.) 

Professor  Sedgwick  referred  to  the  experiment  made  with  107 
barrels  of  Bacillns  prodigiof^us  culture,  w^hich  were  emptied  into  the 
Chicago  drainage  canal  at  Lemont ,  the  germs,  as  reported,  having  been 
idehtified  in  the  water  entering  the  St.  Louis  intake  at  Chain  of  Rocks, 
and  stated  that  this  interesting  and  valuable  exp>eriment  seems  to 
show  that  typhoid  fever  or  ^Vsiatic  cholera  germs  might  pass  from  the 
drainage  canal  and  finally  enter  the  water  supply  of  St.  Louis  by  way 
of  Illinois  and  Mississippi  rivers.     (2204-2205.) 

On  being  (juestioned  with  reference  to  instances  in  which  typhoid- 
fever  epidemics  have  been  conveyed  by  surface  waters,  the  witness 
gave  a  brief  summary  of  several  prominent  cases. 

A  celebrated  and  important  epidemic  occurred  at  Pl>Tnouth,  Pa.,  in 
1885.  On  the  drainage  area  supplying  the  town  four  storage  reser- 
voirs had  been  built,  and  on  the  bank  of  the  stream  which  supplied 
the  uppenijost  of  these  reservoirs  a  case  of  typhoid  fever  appeared  in 
the  early  spring  of  1885.  The  reservoirs  had  all  been  drawn  very  low 
to  supply  the  demands  of  a  continued  seasim  of  cold  weather,  and  on 
the  arrival  of  the  spring  thaw  1,200  cases  of  typhoid  fever  broke  out 
in  this  little  town  of  8,000  inhabitants.  These  were  traced — correctlvj 
it  is  believed  by  sanitarians — to  the  occurrence  of  one  case  of  typhoid 
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fever  on  the  bank  of  the  uppermost  reservoir,  followed  diirin":  tlie 
thaw  by  the  wasliing  m  of  the  dejecta  of  that  patient  and,  in  the  h)w 
state  of  the  reservou^,  the  rapid  transmission  of  the  ^erms  to  the 
people  of  the  town.     (2205-2206.) 

In  1890  there  was  an  epidemic  at  IjowcU,  Mass.,  followed  very  soon 
after  by  a  worse  one  at  Lawrence,  9  miles  below  on  the  Merrimac. 
These  were  traced  to  infection  wliich  be^an  on  Stony  Brook,  and  of 
course  the  Lawrence  sickness  was  caused  largely  by  the  typhoid-fever 
germs  in  the  sewage  of  Lowell,  the  larger  city  above  it.     (2206.) 

Two  years  after,  in  1892,  the  witness  investigated  a  very  interesting 
epidemic  at  the  mouth  of  the  same  river,  in  Newburj-port.  The 
people  of  the  city  supposed  that  they  were  drinking  spring  water,  but 
the  superintendent  of  the  waterworks  had  surreptitiously  ctmnected 
the  mains  with  the  Merrimac,  and  for  two  (^r  tliree  months  the  people 
were  getting,  as  he  himself  admitted,  Merrimac  River  water.  Tliis 
was  particularly  instructive  because  for  the  first  two  months,  say,  of  this 
time  there  was  no  typhoid  in  Newburyport.  On  going  up  the  river 
the  witness  found  the  reason  to  be  that  although  they  had  been  drink- 
ing simple  filth — good  straight  sewage — it  was  apparently  uninfected. 
Unluckily,  however,  a  little  epidemic  broke  out  in  Lowell,  the  result 
uf  which  was  p>erfectly  obvious  in  LawTcnce,  although  the  water  had 
to  travel  9  miles  and  pass  through  a  storage  reservoir  where  it  had 
been  detained  for  at  least  a  week.  This  infected  water  reached  New- 
buryport, at  a  distance  of  20  or  30  miles,  and  it  was  one  of  the  saddest 
cases  ever  investigated,  because  the  people  supposed  that  they  were 
thinking  spring  water,  while  they  were  in  fact  drinking  infected 
sewage.     (2206-2207.) 

The  rivers  pollution  commission  of  Great  Britain,  in  a  report  pub- 
hshed  in  1874,  states  that  there  is  no  river  in  the  United  Kingdom 
long  enough  to  purify  itself  from  any  sewage  admitted  to  it  even  at  its 
source.  That  stands  as  one  of  the  axioms  of  sanitary  science  to-day. 
(2207.) 

In  1898  the  witness  made  a  special  study  of  typhoid  fever  in  Pitts- 
burg. Acting  on  the  advice  of  one  of  the  most  eminent  engineers  of 
the  time,  the  city  had  introduced  a  water  supply  drawn  mainly  from 
•Vllegheny  River  and  partly  from  the  Monongaliela.  The  important 
points  of  pollution  lie  at  considerable  distances  above  Pittsburg,  but 
as  the  ^Vllegheny  is  a  swift  stream  the  infectious  material  is  borne 
down  in  a  comparatively  fresh  state.  As  a  result  of  the  study,  a 
filtration  plant  was  recommended  for  the  Pittsburg  water  supply,  for 
the  reason  that  infectious  materials  might  be  brought  to  tlie  intake 
from  points  as  far  distant  as  Oil  City  113  ni'lcs  or  more.     (2208.) 

*Vnother  very  serious  epidemic  due  topolhition  on  the  drainage  area 
of  a  public  water  supply  occurred  at  New  Haven,  Conn.,  in  1900.  The 
nty  gets  a  part  of  its  water  supply  from  a  sparsely  inhabited  drain- 
age basin.     The  large  storage  reservoirs  had  been  drawn  low  during 
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severe  winter  weather,  and  when  the  spring  thaw  and  hea\^'  rains 
came  some  feces  from  a  house  on  the  basin  where  there  had  been  a 
very  few  cases  of  t \T)hoid  fever  were  washed  down  into  one  of  these  res- 
ervoirs. The  result  was  that  the  infected  water  passed  quickly  to  the 
city  and  there  were  470  cases  of  t\7>hoid  fever  in  the  spring — not  in 
the  fall,  when  typhoid  in  communities  generally  occurs.     (2209.) 

The  recent  epidemic  at  Ithaca,  X.  Y.,  arose  from  conditions  ven' 
similar  to  those  at  Plymouth  and  New  Haven.  It  was  a  serious  epi- 
demic of  about  1,000  cases,  with  a  high  death   rate.     (2209-2210.) 

The  witness  then  referred  to  typhoid  fever  in  Chicago  and  to  the 
conditions  at  Detroit,  Cleveland,  Buffalo,  and  Niagara  Falls.     He 
had  found  in  Buffalo  a  prevailing  feeling  among  medical  men  that  the 
time  was  at  hand  when  the  city  must  purif>'  her  water  because  of  the 
pollution  discharged  into  the  lake  at  Cleveland  and  higher  points. 
Niagara  Falls  was  suffering  severely  from  typhoid  fever,  which  the 
local  physicians  believed  to  be  derived  from  sewage  that  had  run 
down  Niagara  River  from  Buffalo  and  higher  points.     It  is  a  question 
whether  the  people  who  are  using  the  Great  Lakes  as  a  water  supply 
must  not  give  them  up  after  a  while.     The  growth  of  opinion  is  more 
and  more  toward  the  idea  that  it  will  not  do  to  trust  to  self-purifica- 
tion.    It  used  to  be  thought  that  running  water  when  it  became  thor- 
oughly aerated  was  pure,  especially  if  it  came  from  long  distances. 
That  was  the  theory  on  which  Pittsburg  put  in  its  waterworks  and 
on  which  Lowell  took  the  obviously  sewage-polluted  water  of  the  Mer- 
rimac  and  used  it  for  water-supply  purposes;  but  these  cities  and  all 
others  that  have  trusted  to  that  theory  have  been  typhoid  ridden. 
It  is  not  to-day  so  much  a  question  of  distance  as  of  time  during  which 
the  germs  may  settle  out  or  die;  in  other  words,  it  is  a  matter  of  qui- 
escence.    **  You  have  got  to  eliminate  all  idea  of  distance  from  these 
things  and  bring  in  the  question  of  time  largely,  and  that  is  what  I 
have  stated  in  my  treatise  on  sanitary  science  and  public  health,  writ- 
ten two  or  three  years  ago.     It  is  nothing  that  I  have  got  up  for  this 
case;     *     *     *     it  is  a  fact  that  is  borne  in  upon  me  by  long  expe- 
rience, and  I  believe  that  in  that  respect  I  stand  entirely  s([uare  with 
the  sanitarians  of  the  world.     At  any  rate,  I  hold  that  opmion  iin- 
self.''      (2210-2212.) 

An  increased  amotmt  of  infectious  pollution  has  no  effect  on  the 
time  needed  for  purification,  but  the  degree  of  danger  is  increased. 
One  microbe  coming  down  from  Chicago  and  resting  in  the  slack 
water  of  the  Illinois  would  certainly  die  if  it  lay  there  long  enough; 
but  if  a  million  came  down,  the  chances  are  that  some  might  be  carried 
on  by  a  freshet  before  they  died  and  the  danger  would  be  greatly 
enhanced.  Other  things  being  equal,  the  greater  the  amount  of 
infection  the  more  serious  the  danger.     (2212.) 
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The  aeration  received  by  the  water  flowing  over  Niagara  Falls  does 
not  change  the  amount  of  pollution  which  the  river  contains.  The 
late  Prof.  Albert  R.  Leeds  repeatedly  analyzed  the  water  both  above 
and  below  the  falls  and  found  it  to  be  in  exactly  the  same  condition 
in  each  place.     (2212-2213.) 

The  witness  stated  that  after  a  careful  consideration  of  the  whole 
subject,  including  the  typhoid-fever  conditions  in  the  sanitary  dis- 
trict of  Chicago,  the  sewer  outfalls,  the  amount  of  sewage,  and  exist- 
imj  conditions  in  Desplaines,  Illinois,  Mississippi,  and  Missouri  rivers, 
he  believed  that  beyond  a  reasonable  doubt  the  principal  portion  of 
the  increase  of  typhoid  fever  in  St.  Louis  since  January  1,  1900,  had 
been  due  to  the  pollution  of  the  water  of  St.  Louis  by  the  Chicago 
sewage.  The  typhoid  rate  of  St.  Louis  from  1895  to  1899,  inclusive, 
compared  very  favorably  with  the  rate  in  Lowell  and  Lawrence,  Mass., 
after  the  introduction  of  pure -water  supplies  at  these  two  places. 
(2213-2215.) 

In  reply  to  the  question  whether  or  not  the  Illinois  River  water  con- 
taining mixed  sewage  and  canal  water  from  the  Chicago  sanitary  dis- 
trict had  been  rendered  less  safe  since  the  opening  of  the  drainage 
canal  than  before,  the  witness  testified  substantially  as  follows: 

In  the  first  place  we  must  consider  the  matter  of  dilution.  The 
addition  of  an  amount  of  lake  water  equal  to  5,000  cubic  feet  per 
second  at  Lockport  unquestionably  dilutes  the  Chicago  sewage  and 
Chicago  River  is  clearer  and  better  than  it  was  before.  At  the  same 
time  it  must  be  borne  in  mind  that  the  water  thus  used  for  purposes 
of  dilution  is  not  the  unpolluted  water  of  Lake  Michigan.  It  is  drawn 
'^hiefly  from  the  mouth  of  Chicago  River  and  vicinity  and  has  long 
been  known  to  be  polluted  more  or  less.  The  problem  then  in  part 
resolves  itself  into  this  question:  '^Does  the  dilution  of  a  presumably 
infected  sewage  by  a  presumably  often  infected  water  contribute  to  the 
purity  of  Ilhnois  River?''  The  infectious  materials  that  were  for- 
merly put  into  Chicago  River  are  now  carried  with  comparative  swift- 
oej^j  down  the  drainage  canal  and  into  Desplaines  and  Illinois  rivers. 
We  have  then  to  consider  whether  sewage  as  described,  carried  quickly 
and  in  considerable  volume  into  Illinois  River,  does  or  does  not  render 
that  river  safer  than  before.  The  belief  of  the  witness,  based  on  the 
effect  of  time  as  a  purifying  factor,  was  that  it  is  at  least  very  doubt- 
ful whether  the  f>curing  of  the  Chicago  sewage  into  Illinois  River  does 
at  any  time  improve  that  river.  This  opinion  was  strengthened  by 
c«)nsidering  the  larger  amount  of  sewage  now  delivered,  the  oppor- 
tunities for  sedimentation,  the  susceptibility  of  Illinois  River  to  fresh- 
ets, and  the  changed  conditions  brought  about  by  the  introduction  of 
his  fresher  sewage  with  a  larger  volume  of  water.  Undoubtedly  at 
IBB  194—07 8 
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times  the  dilute  sewage  may  have  improved  the  appearance  of  the  river 
water  and  may  seem  to  have  improved  its  quahty ;  but  if  the  condition 
throughout  the  year,  at  all  times  and  seasons  is  considered,  it  is  doubt- 
ful whether  such  improvement  has  taken  place.     (2216-2217.) 

The  witness  believes  that  the  danger  to  wSt.  Louis  is  practically 
constant,  inasmuch  as  it   can  never  be  known  at   what  moment 
infectious  material  may  arrive  from  the  sewers  of  Chicago.     It  is 
not  supposed  that  such  material  is  arriving  ever}'  minute  or  even" 
hour,  but  no  one  can  ever  know  when  it  may  come.     The  danger  is 
believed  to  be  immediate  in  the  sense  that  it  is  urgent  and  serious, 
and  it  is  impending  by  reason  of  the  fact  that  it  is  hanging  over 
the  citizens  of  Missouri  on  the  shore  of  Mississippi  River  all  the  time. 
It  is  as  if  ever  since  the  opening  of  the  drainage  canal  there  had  been 
located  on  the  drainage  area  of  the  Mississippi  a  big  additional  city, 
notorious  for  its  typhoid  epidemics  and  its  high  typhoid  death  rate, 
and  as  if  the  placing  of  that  city  virtually  on  the  Mississippi  basin 
had  introduced  a  new  element  into  the  life  and  welfare  of  the  people 
on  the  river  below.     It  is  no  trifling  matter  to  take  on  a  city  of  that 
size  and  add  its  sewage  to  a  stream  already  sewage  polluted.     The 
danger  line  must  by  that  addition  be  reached  sooner  by  those  who 
use  the  water,  and  it  is  for  that  reason  that  the  danger  is  regarded 
as  impending,  immediate,  aggravated,  and  continuous.     (2217-221cS.) 

Dams  undoubtedly  favor  purification  so  far  as  they  produce  slack 
water  or  quiescence,  but  if  the  sediment  or  sludge  is  allowed  to 
remain  on  the  stream  bed,  the  chances  are  good  that  in  freshets  it 
may  be  returned  to  the  current,  travel  witli  it,  and  produce  trouble 
below.  The  witness  cited  as  an  example  the  Merrimac,  which  l^ 
often  in  dry  seasons  a  series  of  mill  ponds  in  which  sedimentatit>i] 
goes  on,  but  in  the  event  of  a  thunder  shower  or  any  sudden  ]>re- 
cipitation  sufficient  to  upset  tlie  stream  it  begins  to  rise,  scouriiij 
takes  place,  and  trouble  may  ensue,  as  was  the  case  at  Newburyport 
Epidemics  at  Lowell  and  Lawrence  have  generally^  followed  freshet: 
in  the  river.  It  is  a  general  principle  that  dams  are  useful,  but  iiol 
sufficient  to  bring  about  complete  purification.     (2218-2220.) 

The  witness  stated  that  the  rate  of  growth  in  population  of  i\\i 
Cliicago  sanitary^  district  exceeds  that  of  any  other  area  in  the  Mis^ 
sissippi  basin.  The  growtli  in  rural  population  in  this  basin  during 
the  years  1890-1901  was  less  than  1  per  cent,  that  m  the  urban  popu 
lation  outside  the  sanitary^  district  of  Chicago  was  28.2  per  ceul 
and  that  of  the  city  of  Chicago  was  54.4  per  cent.  Such  a  growtl 
in  the  city  population,  accompanied  by  a  corresponding  dilution  i) 
its  sewage  through  the  drainage  canal,  must  obviously  (luickeii  tli 
flow  of  Illinois  River  and  bring  tlie  infectious  materials  more  rapiill 
to  the  people  of  Missouri.     It  is  as  if  Chicago  should  be  graduall; 
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aioved  towani  St.  Louis.  The  larger  Chicago  ^ets^  the  nearer  it 
practically  comes.  It  is  of  interest  not  only  to  St.  Louis  and  to 
Missouri,  but  to  Illinois  and  to  cities  and  towns  that  are  bound  to 
grow  up  in  the  Illinois  valley,  that  if  Asiatic  cholera  or  any  other 
disease  capable  of  being  water  borne  should  appear  in  a  Chicago 
five  times  as  big  as  the  present  city,  it  would  be  a  menace  to  the 
welfare  of  the  inhabitants  of  these  places  lower  in  the  valley  very 
much  greater  in  proportion  than  the  existing  danger.  Even  if 
Chicago  should  purify  her  water  supply  and  reduce  her  typhoid- 
fever  death  rates,  the  mere  existence  of  this  large  number  of  beings 
pouring  their  sewage  down  the  Mississippi  Valley,  no  matter  how 
g<)od  their  general  sanitary  conditions  might  be,  would  be  a  very 
serious  item  in  the  welfare  of  these  places,  because  epidemics  some- 
times appear  even  in  communities  having  good  water  supply  and 
good  sanitary  conditions.     (2220-2223.) 

In  reply  to  specific  questions,  the  witness  stated  that  the  con- 
struction of  the  Chicago  drainage  canal  had  added  to  the  sewage-pro- 
ducing population  tributary  to  Mississippi  River  above  the  St.  Louis 
water  intake  a  nurriber  equal  to  about  63  per  cent.  Only  munici- 
palities having  4,000  inhabitants  or  more  being  considered,  the 
population  tributary  to  Mississippi,  Missouri,  and  Illinois  rivers, 
exclusive  of  the  sanitary  district  of  Chicago,  was  2,695,782,  dis- 
tributed as  follows:  Missouri  River,  1,090,832;  Mississippi  River 
above  the  mouth  of  the  Illinois,  1,219,645;  Illinois  River,  385,305. 
(2235-2236.). 

The  witness  then  stated  that  there  were  well-known  cases  where 
settling  basins  holding  suspected  water  for  long  periods  had  failed 
to  protect  the  people  from  typhoid  fever.  At  Covington,  Ky,,  the 
vater  of  Ohio  River,  more  or  less  polluted,  is  kept  at  times  as  long 
as  thirty-two  days,  and  yet  Covington  suffers  severely  from  typhoid 
fpver,  due  apparently  to  infected  water.  At  New  Albany,  Ind., 
the  storage  is  about  a  month  in  the  sedimentation  basin,  and  here 
,»ko  typhoid  fever  is  prevalent.     (2238.) 

'  Counsel  for  the  complainant  then  propounded  a  long  hypothetical 
tjuestion  to  the  witness  with  reference  to  the  relative  effect  of  the- 
Jischarge  of  sewage  from  Chicago  through  the  drainage  canal  and 
from  all  the  other  large  cities  on  the  drainage  areas  of  the  Missouri, 
iipper  Mississippi,  and  Illinois,  exclusive  of  the  Chicago  sanitary 
'ii^trict.  The  cities,  population,  distance  from  St.  Louis,  the  rivers 
into  which  the  respective  sewages  were  discharged,  and  the  number 
'jf  deaths  from  typhoid  in  each  city  were  included  in  the  question 
a:u|  are  given  in  Table  42.     (2239-2249.) 
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Table  42. 


-Populaitoriy  deaths  from  typhoid,  etc.,  in  cUies  in  Missouri,  upper  Missisi' 
sip  pi,  and  Illinois  drainage  basins. 


MISSOURI  DRAINAGE  BASIN. 


City. 


Popula- 
tion. 


St.  Cliarles,  Mo.. 

Kansas  City,  Mo 

St.  Joseph,  Mo 

Omaha,  Nei)r 

Council  Bluffs,  Iowa 
Lincoln,  Nebr 

Qulncy,  III 

Keolculc,  Iowa 

Burlington,  Iowa. . . 

Rock  Island,  111 

Davenport,  Iowa. . . 

MoUne,  lU 

Dcs  Moines,  Iowa. . . 
Minneapolis,  Minn. . 
St.  Paul,  Minn 

I»eoria,  lU 

Springfield,  111 

Blooraington,  111 

Decatur,  111 

Ottawa,  111 

Jollet,  111 

Pekin,  111 

Elgin,  111 

Aurora,  111 

Havana,  111 

(Chicago.  Ill 


I 


River  receiving     «  eg 
sewage.  woo 


Deaths  from  tj'phoid. 


I 


47  I 


I 


g      ^ 


22 

38  ,  49     S2 


7,982     Missouri 

163,752    do 403     59     37  34  !  29 

102.000    do '  501     20     22  31      19 

102,552    do 676  122  140  29     18 

25.802    do 676  I     5  i    7       6       8 

40,im     Platte 745  133     21  23     16     14     12  I  13 


5 
49 


13     19     .r     30 
22     32     26     24 


14 
5« 

U 
22 

S 
10 


rPPER  MISSISSIPPI  DRAINAGE  BASIN. 


3(i,000 
14.041  ' 
23,201 
35,300 
35.254 
7,987 
62.139 
102,718 
163,055  j 


Mississippi 148  (  21 


185  ' 
225 


.do i    310     15 


do.... 

..do.. 


310 
.313 


2^1 

25 

13 

13 

7 

J 

13 

2 

3 

7 

9 

9 

10 

8 

13 

3 

4 

8 

13 

3 

13 

10 

6 

4 

3 

5 

2 

12 

9 

8 

11 

3 

5 

20 

Dcs  Moines 387     22     29  <  30     14  '  20     17     13 

71 


Mississippi 707    134,107,88     60  |148     86 

do ;    094  '  51     32  138     37     22  ,  43 


30 


14 
4 
12 
28 
11 
16 
22 
121 
24 


I 


ILLINOIS  DRAINAGE  BASIN. 


56,000 

34,159 

23.286 

20.754 

10.588  , 

29.000 

6,420 
22,4a3 
24. 147 

3,268 


Illinois I  198 

Sangamon 191 

do 238 

do 24<> 

Illinois 282 

De.splaines 322 

Illinois 188 

Fox 348 

do 1  328 


13     18     18     12  1 


14  I  15 
7  I    2 

51    2, 


14 


10 
2 
4 

12 


5 ; 

6 
Illinois 3 

i 


3  ,    5 

12  ,  19 
7       2 


4 

10  , 


23 
20 
15 
11 

3 
13  ; 

2 
15 


15 
10 
9 
5 
5 
13 
1 

15 

II 

1 


a  1,500,000     Drainage  canal.. 


309   .^7    :JS5    33S    442      ^1 


408    518   761    437  '636   442   336    509     « 

a  Estimated. 


The  question  continued  as  follows: 

iVssuming  that  the  total  number  of  deaths  from  tj'phoid  fever  on  said  watershodn  i 
all  other  towns  and  cities  of  4,000  population  and  over  have  not  increased  for  said  yc^ 
in  any  greater  or  different  proportion  than  in  the  citi(»s  above  mentioned; 

Assuming  that  the  three  rivers  mentioned  run  through  alluvial  soil  principally,  ar 
the  Illinois  River  enters  the  Mississippi  at  Orafton,  29  miles  above  the  Chain  of  Rocl 
intake  tower  of  the  St.  Louis  waterworks,  that  the  Missouri  River  enters  the  Mississip] 
23  miles  below  Grafton  and  6  miles  above  the  intake  tower  *  *  ♦  located  on  tl 
Mi^«^ouri  side  of  and  in  the  channel  of  the  Mississippi  River  about  1,500  feet  from  tl 
Missouri  shore; 

Assuming  that  the  city  of  St.  Jjou\&  obtains  its  water  from  the  Mississippi  at  tl 
intake  tower,  *  *  *  by  which  it  supplies  its  citizens,  about  600,000  in  numVx 
with  wat(»r  for  drinking  and  domestic  purposes,  and  that  no  sul)8tantial  change  in  t] 
methixl  of  taking  said  water  or  treatment  thereof  has  occurred  since  Januar\'  17,  19(1 

Assuming  that  the  sewitge  of  1,500,000  inhabitants  of  (^hicago  has,  since  January-  ] 
1900,  l>een  discharg(Hl  into  th(»  Chiciigo  drainage*  canal  at  I»ckport,  291  milt^  alw* 
(Irafton,  and  that  the  sewage-iK>lluted  water  from  said  city  and  canal  has  continual 
since  said  day  proceeded  into  the  Deaplaint^  River  at  Ix>ckport,  and  that  tho  D< 
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plaines  enters  *  *  *  Illinois  River,  forming  a  continuous  water  course  from  Chi - 
r^,U)  the  Missouri  8lu»re  of  the  Mississippi  River  and  to  St.  I»uis; 

Aj^uming  that  in  the  years  1895  to  1902,  inclusive,  the  number  of  deaths  in  Chicago 
in>m  Ij-phoid  fever  was  [as  indicated  in  al>ove  table]:  and 

.\«uming  that  in  St.  Louis  for  the  years  1900,  1901,  and  1902,  and  to  this  day,  the 
percentage  of  annual  typhoid-fever  mortality  to  total  mortality  has  increased  about  73 
percent  over  and  above  that  of  the  years  1895,  1896,  1897,  1898,  and  1899,  and  that  the 
t\T)hoid  deaths  in  all  towns  and  cities  over  4,000  inhabitants  were  alwut  the  same  per 
[unit]  population  as  those  given  al)ove  on  the  watersheds  of  said  three  rivers  during 
sud  time,  and  that  on  the  ordinary  basis  of  computing  sanitary  p>epulation  by  taking 
ihe  aggregate  population  of  all  towns  and  cities  of  4,000  inluibitants  or  over  on  the 
i^reheds  named,  there  was  a  population  as  follows:  On  the  Mifwouri  watershed, 
10.901,832;  on  the  Mississippi  above  Grafton,  1,219,645;  on  the  Illinois  River,  exclu- 
sive of  the  sanitary  district  of  Chicago,  385,305; 

Slate  what,  in  your  opinion,  the  sewage  from  1,500,000  people  of  Chicago  discjiarged 
into  the  drainage  canal  had  to  do  with  the  increased  death  rate  from  typhoid  fever  in 
^i  Louis,  as  above  stated. 

The  reply  of  the  witness  to  this  hypothetical  question  was  as 

follows: 

After  having  carefully  considered  the  question  and  the  assumptions  which  it  con- 
tains, and  in  view  of  my  studies  of  the  typhoid-fever  statu^tics  of  the  city  of  St.  Ix>uis 
Ui  which  I  referred  in  my  testimony  of  yesterday,  *  *  *  I  believe  that  beyond  all 
rpsonable  doubt  the  principal  factor  of  the  annual  increase  of  typhoid-fever  mortality 
n^the  city  of  St.  Louis  since  January  1,  1900,  has  been  due  to  the  pollution  of  the 
rater  supply  of  the  city  of  St.  Ivouis  by  the  unpurified  sewage  of  th<^  sanitary  district 
"f  Chicago.    (2250) 

In  closing  the  direct  testimony  the  witness  asserted  that,  in  his 
opinion,  no  competent  expert  either  can  or  will  say  that  any  means 
<xist  at  present  by  which  the  unpurified  sewage  of  the  sanitary  dis- 
trict of  Chicago  can  be  warded  off  from  the  people  *on  the  Missouri 
Aore  and  the  citizens  of  St.  Louis  in  the  event  of  a  period  of 
low  water  in  Missouri  River  synchronously  with  a  flood  on  the  Illinois 
l>asin.    (2253) 

CROSS-EXAMINATION. 

An  important  point  brought  out  in  the  cross-examination  was  the 
<?inion  of  the  witness  that  even  if  all  the  sewage  from  the  sanitary 
fctrict  of  Chicago  were  eliminated  from  the  Illinois  River  basin, 
living  only  the  pollution  otherwise  entering  the  Illinois  and  that  in 
tipper  Mississippi  and  Missouri  rivers,  the  water  entering  the  intake 
of  the  St.  Louis  waterworks  would  still  certainly  be  polluted  and  dan- 
f^us  to  the  people  of  St.  Louis  and  the  towns  below;  and  that  so  far 
^  purification  of  this  water  by  filtration  or  other  means  is  concerned 
^he  cost  thereof  would  not  be  materially  affected  by  the  addition  of 
^le  sewage  from  the  Chicago  sanitary  district.     (2254-2258.) 

During  the  cross-examination  the  statement  was  made  by  the  witness 
^t  the  chemical  examination  of  water  for  the  purpose  of  determining 
^^  potability  is  useful  under  some  but  not  all  circumstances.     If  the 
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water  be  grossly  polhited,  no  great  skill  is  required;  if  only  slightly 
polluted  no  evidence  of  value  would  be  produced  by  the  analysis. 
The  same  is  tnie  of  bacteriological  evidence.  Both  kinds  of  evidence 
would  be  preferable  to  either  alone,  but  the  combined  testimony  is 
subject  to  the  same  conclusion,  namely,  that  pollution  would  be 
sometimes  indicated  and  sometimes  not.     (2258-2260.) 

The  witness  stated  that  the  addition  of  1  gallon  of  t}7)hoid-infected 
sewage  to  Mississippi  River  at  Alton  might  make  the  water  of  St. 
Louis  dangerous  to  drink.  He  was  then  asked  if  the  same  would  be 
true  of  St.  Charles,  Kansas  City,  and  Omaha,  stating  in  reply  that  he 
would  consider  that  the  water  into  which  such  sewage  was  emptied 
would  be  unfit  for  drinking  purposes  when  it  reached  St.  Louis.  In 
explaining  his  answ^er  the  witness  stated  that  it  is  hard  to  draw  the 
line  in  cases  of  this  kind,  as  it  always  is  in  sanitary  matters,  and  that 
if  the  sewage  pollution  were  to  take  place  only  once  he  would  not 
ordinarily  consider  the  water  unfit  for  drinking.  There  is  a  point  in 
questions  of  this  kind  where  it  is  a  very  difficult  matter  to  decide; 
chemical  and  bacteriological  evidence  and  the  conditions  of  purifica- 
tion en  route  should  be  taken  into  consideration.     (2263-2266.) 

The  longest  well-established  distance  which  typhoid  germs  are 
known  to  have  traveled  to  cause  infection  in  water  supplies  was  stated 
by  the  witness  to  be  57  miles,  in  the  case  of  the  Detroit  epidemic. 
The  greatest  assumed  distance  for  such  a  journey  was  113  miles, 
from  Oil  City  to  Pittsburg.  In  fact,  no  limit  may  be  placed  on  the 
distance  that  a  typhoid  bacillus  may  travel  in  water  and  retain  its 
virulence,  if  the  rate  of  travel  is  fast  enough.  In  the  present  state 
of  knowledge  the  witness  was  unwilling  to  set  any  limit  of  distance, 
but  the  real  problem  was,  according  to  him,  based  not  so  much  on 
the  distance  as  on  the  time.     (2270-2271.) 

The  witness  then  discussed  the  process  of  calculation  by  which  he 
reached  his  results  of  typhoid-fever  mortality  at  St.  Louis.  Th€ 
ratio  of  the  total  number  of  deaths  from  typhoid  fever  to  the  total 
number  of  deaths  from  all  causes  gives  the  percentage  of  mortalilj 
for  that  specific  disease.  In  the  case  of  St.  Louis  the  statement  o\ 
73  per  cent  increase  in  mortality  from  typhoid  does  not  mean  thai 
the  number  of  deatlis  from  this  disease  since  1900  was  increased  b\ 
73  per  cent  over  the  number  of  deaths  from  the  same  disease  during 
the  five  years  previous,  but  that  such  increase  had  taken  place  in  th« 
percentage  of  typhoid  deaths  to  total  deaths  in  the  two  periods,  li 
other  words,  the  typhoid  death  rate  Ls  based  on  the  total  number  o 
deatlis,  a  definite  factor,  rather  than  on  the  population,  an  extremely 
indefinite  and  fluctuating  factor.  In  the  present  case  a  percentage 
of  mortality  was  computed  for  each  of  the  years  specified.  Th< 
deaths  for  the  five  years  1895  to  1899,  inclusive,  were  added  togethe 
and  divided  by  five,  and  those  for  the  years  1900,  1901,  and  1902  wer< 
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added  and  divided  by  three,  and  the  results  were  compared,  showing 
that  the  increase  subsequent  to  January  1,  1900,  was  73  per  cent. 
There  are,  according  to  the  witness,  various  ways  of  getting  at  the 
relative  efEciency  of  any  particular  disease  as  a  death  agent.  The 
quickest  way  is  to  compare  the  total  number  of  deaths  from  that 
disease  with  the  ascertained  or  estimated  population.  This  is  what 
b  known  as  the  death  rate  from  that  disease,  always  a  more  or  less 
uncertain  factor.  On  the  other  hand,  it  is  generally  held  that  the 
total  number  of  deaths  is  ascertained  in  most  cities  with  considerable 
precision.     (2293-2295.) 

In  response  to  the  question,  ''Suppose  that  a  certain  identified 
quantity  of  water  should  require  in  its  transmission  from  the  outlet 
of  the  sanitarj'  district  canal  into  the  Illinois  River  to  Grafton  five 
weeks,  would  you  say  that  the  typhoid  bacillus  might  live  in  that 
given  body  of  water  ?'^  the  witness  answered  in  the  affirmative.  The 
same  answer  was  given  with  the  time  specified  as  five  months.  With 
reference  to  a  time  interval  of  one  year  the  witness  stated  that  he 
oould  conceive  of  conditions  which  might  prolong  its  life  to  that 
extent.  For  example,  the  pouring  of  a  large  quantity  of  acid  from 
manufacturing  wastes  down  the  canal  during  that  year  might  con- 
ceivably destroy  the  typhoid  germs  in  the  water  and  in  the  sediment. 
On  the  other  hand,  the  discharge  of  an  unusual  amount  of  organic 
matter  from  the  stock  yards  might  so  enrich  the  water  as  to  sustain 
the  bfe  of  the  germ  perhaps  even  longer  than  one  year.  The  fact  is 
that  the  conditions  which  must  be  considered  in  a  case  of  tliLs  kind 
are  so  many  that  it  is  impossible  to  make  categorical  deductions 
which  will  have  any  real  value.  The  chances  are  good  that  the 
ereater  part  of  the  germs  would  die,  but  the  possibility  remains  that 
H>me  might  still  be  alive  if  they  came  from  sewage  under  the  condi- 
tions existing  on  lUinois  River;  In  reply  to  the  same  hypothetical 
question  with  the  time  fixed  at  fifteen  months,  the  witness  replied: 
"I  should  say  that  in  regard  to  a  period  beyond  a  few  weeks  or 
months  that  in  general  the  mortality  among  the  typhoid  bacteria 
would  be  heavy,  but  that  I  should  never  feel  certain,  even  after  one 
or  two  years,  or  possibly  longer,  that  some  of  those  were  not  still 
living  there.     (23 1  .>-23 16.) 

In  reply  to  a  direct  question,  the  witness  stated  that  he  attributed 
the  typhoid  fever  in  St.  Louis  during  1895  to  1899,  inclusive,  to  a  vari- 
♦*ty  of  circumstances,  each  of  which  probably  played  its  proportionate 
part  in  making  up  the  total.  The  water  may  have  contributed  to  the 
net  result ;  also  milk,  oysters,  and  secondary^  infection.  Other  infected 
f^Hxls,  such  as  water  cress,  celery,  and  unwaslied  fruits,  had  an  impor- 
tant bearing;  also  fiies  and  all  similar  factors,  each  of  which  tends  to 
l^p  up  in  all  cities  of  the  world  a  small  but  rather  constant  amount 
•jf  typhoid  fever.     The  witness  asserted  that  the  increase  of  typhoid 
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fever  subse(|uent  to  January  1, 1900^  was  not  due  to  an  overindulgence 
in  oysters  on  the  part  of  the  inhabitants,  while  there  was  no  doubt 
that  some  typhoid-infected  oysters  may  have  been  eaten  in  St.  Louis 
during  those  years  and  may  have  caused  some  cases  of  typhoid  fever. 
The  amount  of  increase  of  the  disease  subsequent  to  January-  1,  1900, 
ill  view  of  the  size  of  the  city,  would  mean,  if  attributed  to  03'sters, 
so  vast  a  change  in  the  habits  of  the  people  or  in  the  condition  of  the 
oyster  supply  of  the  United  States,  that  such  a  theory  would  he 
unreasonable,  particularly  as  oyster-caused  epidemics  are  not  frequent 
and  are  local,  while  the  rise  in  typhoid  fever  in  St.  Louis  has  been 
persistent.     (2328-2331.) 

The  agency  of  wells  in  St.  Louis  as  a  factor  in  the  distribution  of 
typhoid  fever  was  then  discussed  by  the  witness,  who  stated  that  his 
investigations  showed  that  there  were  about  2,000  wells  in  use,  and 
that  the  chances  are  that  many  of  them  were  infected ;  but  a  considera- 
tion of  all  the  circumstances,  so  far  as  they  could  be  learned  by  making 
careful  incjuiries  as  to  changes  in  the  customs  of  the  people  after  Janu- 
ary 1,  1900,  would  put  the  investigator  in  a  position  to  say  positively 
whether  the  increase  in  typhoid  was  due  to  any  such  cause.  The 
witness  had  considered  the  subject  of  the  number  of  wells  and  whethei 
such  number  was  materially  changed  after  the  date  mentioned,  and 
had  come  to  the  conclusion  that  there  was  no  reason  to  believe  that 
any  material  change  in  the  habits  of  the  people  in  regard  to  the  u« 
of  such  wells  had  occurred  smce  that  date,  and  that,  therefore,  thl^ 
agency  may  be  entirely  excluded  as  a  factor  in  causing  any  portior 
of  the  increase.  The  witness  affirmed  that  he  was  justified  in  making 
this  statement,  even  though  he  had  made  no  i>ersonal  inspections  o 
any  wells  or  outhouses  and  did  not  know  how  many  people  drinkinj 
well  water  had  contracted  the  disease. 

Continuing,  the  witness  stated  that  the  theory  of  well  water  as  j 
factor  m  tlie  production  of  typhoid  fever  had,  in  his  opinion,  beei 
overworked,  and  that  the  danger  of  well  waters  had  been  gre^tl] 
exaggerated  in  public  belief.  In  his  extensive  bacteriological  experi 
ence  he  but  very  seldom  had  had  occasion  to  attribute  to  infected  well 
epidemics  of  typlioid  fever,  and  had  never  seen  an  epidemic  of  an; 
considerable  size  from  such  sources.  From  his  exi>eriments  made  fo 
the  State  board  of  health  of  Massachusetts  on  the  purifying  power  ( 
earthy  materials  he  had  found  that  as  a  rule  the  passage  of  infectiou 
materials  through  open  soils  removes  all  traces  of  infection.  If  th 
soil  is  not  open,  obviously  infection  can  not  pass.  The  only  case,  i 
the  judgment  of  the  witness,  in  which  privies  and  cesspools  are  dar 
gerous  to  wells  are  those  in  which  the  soil  is  either  very  open  i 
cracked  or  fissured  in  some  way.  Li  view  of  all  these  facts,  and  i 
view  of  the  further  fact  that  no  material  or  essential  change  had  take 
place  in  the  habits  of  the  people  of  St.  Louis  since  January'  1,  191X 
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the  witness  excluded  altogether  the  wells  as  an  element  in  the  typhoid- 
fever  increase.  Wliile  they  may  have  contributed  to  keep  up  the 
u>sual  small  amount  of  this  disease  in  St.  Louis,  they  formed  no  factor 
in  the  large,  steady,  and  continuous  increase  sinc«  January  1,  1900. 
The  witness  stated  that  his  investigations  showed  that  the  character- 
istics of  this  disease  in  St.  Louis  are  such  as  might  be  expected,  and 
have  in  fact  been  present,  in  epidemics  due  to  infected  water  supply. 
In  the  rare  instances  in  which  epidemics  have  been  traced  to  wells, 
the  deaths  are  numerous  within  a  short  period — bunched  together,  so 
to  speak,  both  as  to  time  and  place.  Even  on  the  assumption  that 
the  wells  in  St.  Louis  might  be  contaminated  with  typhoid,  it  would 
be  a  comparatively  easy  matter  to  ascertain  and  demonstrate  the  fact 
that  the  disease  was  derived  mainly  from  the  general  water  supply, 
for  if  it  were  caused  by  infected  wells,  inasmuch  as  it  is  absolutely 
inconceivable  from  a  sanitary  standpoint  that  any  very  large  number 
of  wells  should  be  infected,  the  vital  statistics  must  then  show  a  much 
larger  number  of  deaths  in  restricted  localities  than  ever  before,  but 
so  concentrated  in  time  as  to  pass  like  a  wave  over  these  localities, 
whereas  no  such  waves  could  be  recognized  m  the  present  case.  (234 1- 
2.353.) 

In  res]>onse  to  the  question  whether  or  not  the  witness  would,  as 
a  sanitarian,  have  recommended  to  the  citizens  of  St.  Louis  the  Mis- 
sissippi water  in  its  unpurified  state  as  a  water  supply  at  any  time 
previous  to  1900,  he  stated  that  he  probably  would  not  have  recom- 
mended it  at  any  time  for  drinking  purposes  without  treatment  or 
purification,  inasmuch  as  one  could  never  know  with  any  precision 
or  certainty  that  the  specific  disease  germs  derived  from  the  sewage 
emptied  into  the  river  at  different  places  above  on  the  drainage  area 
had  been  effectually  removed,  and  inasmuch  as  the  stirring  of  sedi- 
ments by  steamers  or  by  fishermen  might  at  any  moment  convert 
what  would  otherwise  be  a  well-purified  stream  into  one  of  danger. 
^2362-2363.) 

REDIRECT    EXAMINATION. 

The  witness  referred  to  his  use  of  the  term  ^'normaP'  as  referred  to 
the  rate  of  tj^phoid  fever  in  a  city,  and  classed  it  as  objectionable, 
substituting  the  word  *^ residual'^  in  its  stead.  He  explained  that  in 
Uiring  the  word  "normal'^  he  was  simply  trying  to  arrive  at  a  good 
^ientific  expression  for  subsequent  use.  If  it  should  appear  that  the 
typhoid  fever  remaining  in  a  city  conformed  comparatively  with  the 
amounts  remaining  in  other  cities  having  good  water  supplies,  such  a 
remnant  or  remainder  might  well  be  called  the  residual  t\T>hoid  and 
represents  the  typhoid  which  will  occur  in  any  community  sporad- 
ically and  without  reference  to  any  particular  source.     (2379-2380.) 

He  then  pointed  out,  in  response  to  questions,  that  during  1897, 
1S98,  and  1899,  the  number  of  deaths  from  urban  typhoid  on  the 
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(Irainat^e  area  of  Mississippi  River  above  St.  Ijouis,  excluding  the 
sanitary  district  of  Chicago,  was  about  1,100,  and  that  the  fatality  in 
typhoid  being  assumed  as  10  per  cent,  this  represents  at  least  11,000 
cases  for  the  three  years  under  consideration.  In  the  sanitary  dis- 
trict of  Chicago  during  the  same  years  there  were  1,515  deaths  from 
typlioid,  which  would  mean,  when  calculated  on  the  same  basis, 
15,150  cases,  or  4,000  more  than  occurred  in  all  the  remainder  of  the 
Mississippi  drainage  area  above  St.  Louis.  The  witness  furtber 
pointed  out  that  the  number  of  deaths  from  typhoid  on  the  Mississippi 
drainage  area,  exclusive  of  the  sanitary  district  of  Chicago,  during 
1900,  1901,  and  1902,  was  1,144,  representing  an  estimate  of  11,440 
cases,  while  the  number  in  the  sanitary  district  of  Chicago  w^as  1 ,647, 
representing  16,470  cases — an  excess  in  Chicago  of  about  5,000.  The 
witness  expressed  himself  as  greatly  impressed  with  this  comparison, 
as  it  show^ed  that  by  the  diversion  of  the  Chicago  sewage  into  Illinois 
River  the  morbidity  from  t\"phoid  fever  in  the  Mississippi  drainage 
area  above  St.  Ijouis  had  been  increased  by  considerably  more  than 
100  per  cent. 

On  being  asked  to  reconsider  his  assertion  made  in  cross-examina- 
tion that  the  cost  of  fdtering  the  St.  Louis  wat^r  supply  would  not  W 
materially  increased  by  the  addition  of  the  pollution  derived  from 
the  drainage  canal,  the  witness  stated  that  on  reflection  he  realized 
that  he  did  not  sufficiently  consider  the  fact  that,  aside  from  the 
masses  of  filth  that  might  be  washed  down  in  certain  cases  and  that 
would  add  somew^hat  to  the  cost  of  cleaning  and  care  of  the  filter, 
there  would  be  the  necessity  for  a  much  keener  wat<^h  of  the  filters 
and  for  more  intelligent  management,  so  that  it  might  make  a  differ- 
ence between  the  employment  of  a  low-salaried  and  a  high-salaried 
man  as  resident  manager  of  the  works.  Then  there  was  the  further 
contingency  that  with  the  unexampled  increase  of  population  in 
Chicago  the  Illinois  and  the  Mississippi  above  Chain  of  Rocks  might 
be  reduced  to  an  open  sewer,  and  that  under  such  conditions  a  single 
filtration  of  the  water  might  not  suffice.  The  w^itness  admitted  that 
this  condition  could  not  take  place  for  a  long  period  of  years  and 
until  a  vast  population  was  added  to  that  already  living  in  Chicago; 
but,  summing  up  the  analogous  cases  in  the  United  States  in  which 
pure  streams  had  been  reduced  to  a  condition  of  hopeless  pollution, 
stated  that  it  was  precisely  these  long  looks  into  the  future  which 
^hould  be  taken  in  cases  of  this  kind.  Furthermore,  in  view  of  the 
facts  that  the  low-water  flow  of  Mississippi  River  at  St.  Louis  is 
something  like  40,000  cubic  feet  per  second,  and  that  Chicago  Is 
already  pouring  down  5,000  cubic  feet  per  second  in  dilute  sewage, 
while  the  drainage  canal  is  built  to  discharge,  eventually,  10,000 
cubic  feet  per  st»cond,  it  is  well  to  inquire  what  will  be  the  effect  of 
discharging  that  amount  of  water  and  sewage  into  Mississippi  River, 
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which  is  at  times  flowing  only  40,000  cubir  feet  per  second.  At  such 
times  the  danger  line  will  be  approached,  and  it  is  not  at  all  incon- 
ceivable that  when  10,000  cubic  feet  per  second  are  pouretl  down, 
the  presence  of  this  material  in  the  Mississippi,  itself  growing  more 
polluted  meanwhile,  may  bring  about  or  help  to  brmg  about  at  cer- 
tain seasons  of  the  year  a  condition  approaching  that  of  a  septic 
tank,  when  the  dissolved  oxygen  will  begin  to  decrease  and  the  water 
will  begin  to  degenerate  into  a  condition  of  dilute  sewage.  All 
these  things  would  add  to  the  cost  to-day  and  would  involve  a  greatly 
increased  cost  in  the  near  future ;  within  fifty  or  one  hundred  years 
they  might  even  amount  to  such  a  pollution  of  Mississippi  River  in 
low-water  times  as  to  make  it  an  impossible  source  for  any  modern 
civilized  city.     (2381-2385.) 

Professor  Sedgwick  was  recalled  to  the  stand  to  testify  concerning 
the  epidemic  at  Cumberland,  Md.,  which  was  generally  believed  to 
have  been  the  cause  of  an  increase  in  the  typhoid-fever  rate  at  Wash- 
ington, D.  C,  through  the  infection  of  Potomac  River,  from  which 
Washington  takes  its  water  supply,  and  on  which  Cumberland  is 
situated,  about  175  miles  above. 

From  the  testimony  of  the  witness  it  appears  that  there  were,  in 
1890,  at  Cumberland,  98  deaths  from  typhoid  fever,  distributed  as 
follows:  January,  18;  February, 27;  March, 39;  April,  8,  and  May,5. 
The  number  of  cases  reported  in  this  epidemic  was  485,  which  was 
believed  by  the  witness  to  be  entirely  too  small,  as  the  immber  of 
deaths  indicates  that,  with  the  usual  fatality  of  10  per  cent,  the  total 
number  of  cases  should  have  been  about  980.  The  sewers  of  Cum- 
berland, so  far  as  sewerage  was  provided,  emptied  into  North  Branch 
of  Potomac  River  and  into  Wills  Creek,  a  tributary  of  North  Branch 
at  that  point.  In  addition  to  the  sewers,  there  were  an  unusually 
large  number  of  privy  vaults  set  directly  over  the  river  or  its  tribu- 
taries. The  result  of  this  epidemic  was  a  large  increase  of  the  disease 
in  Washington,  and  this  was  pronounced  by  the  witness  to  be  one  of 
the  most  important  examples  on  record  of  the  transmission  of  typhoid- 
fever  germs  over  long  distances.  Beginning  in  March,  1890,  the  num- 
ber of  deaths  was  as  follows:  March,  19;  April,  11;  May,  13;  June,  33; 
July,  36;  August,  28;  a  total  of  140,  exceeding  the  normal  rate  in 
Washington  by  about  100  per  cent  and  indicating  an  incidence  of  the 
disease  amounting  to  about  1,400  cases.     (2759-2761.) 

This  instance,  according  to  the  witness,  is  particularly  interesting 
by  reason  of  the  fact  that  Cumberland  is  about  175  miles  from  Wash- 
ington, and  because  the  river  is  of  such  a  character  as  to  offer  a  good 
example  of  a  stream  neither  very  swift  nor  very  slow,  but  having 
occasional  areas  of  what  might  be  called  slack  water.  The  epidemic 
at  Cumberland  must  have  afforded  a  heavy  infection  of  the  stream, 
although  it  is  a  fact  that  at  that  time  the  city  was  not  thoroughly  sew- 
ered.    It  is,  however,  peculiarly  arranged  with  reference  to  the  water 
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courses  flowing  past  or  through  it.  It  is  at  tlio  junction  of  that  pen 
tion  of  the  river  which  comes  down  from  the  Allegheny  Mountains  and 
another  portion  which  comes  from  the  West  Virginia  hills.  One  othe^ 
fact  of  great  importance  should  be  mentioned.  Between  October  4, 
1899,  and  March,  1890,  the  sedimentation  basin  and  the  distributinfi 
reservoir  in  Washington  were  out  of  service,  so  that  during  that  period 
the  water  of  the  Potomac  was  delivered  to  the  citizens  of  Washuigtoi 
without  purification  of  any  kind.  As  a  result  of  the  pollution  of  Poto- 
mac River,  Congress  authorized  and  provided  for  the  construction  of  i 
filtration  system  for  the  city  of  Washington.     (2761-2763.) 

GEORGE  W.  FULLER. 
DIRECT   EXAMINATION. 

George  W.  Fuller  was  called  as  a  witness  in  behalf  of  the  complain- 
ant, and  in  qualifying  stated  that  he  was  a  sanitary  expert,  profession- 
ally  educated  at  the  Massachusetts  Institute  of  Technologj^  and  at  th( 
University  of  Berlin.  In  connection  with  his  work  in  Germany,  h< 
studied  bacteriology  at  the  Hj^gienic  Institute  and  in  the  private  laba 
ratory  of  the  engmeer  in  charge  of  the  filtration  plant  of  the  Berlii 
waterworks.  After  returning  from  his  European  studies  he  was  foi 
five  years  in  the  service  of  the  State  board  ol  health  of  Massachusetts 
the  greater  portion  of  that  time  being  spent  at  La^\Tence,  where  then 
is  an  experimental  plant,  conducted  with  a  view  to  finding  the  besl 
ways  of  purifying  sewage  and  water.  During  most  of  his  stay  at  tlifc 
experimental  plant  he  was  in  immediate  charge.  For  four  years  aftei 
leaving  Lawrence  he  worked  in  the  valley  of  Ohio  River  at  Louisvilh 
and  Cincinnati,  being  engaged  in  studying  the  best  means  of  purifying 
the  polluted  Ohio  River  water  at  those  cities.  Since  finishing  th( 
Ohio  River  work  he  had  been  in  private  consulting  practice  and  hac 
made  investigations  at  upward  of  twenty-five  or  thirty  cities,  amon< 
which  are  a  number  of  the  most  important  cities  in  this  country,  sucl 
as  Washington,  D.  C;  Springfield,  Mass.;  New  Haven,  Conn.;  Oswego 
N.  Y.;  Meadville,  York,  and  Columbia,  Pa.;  and  the  group  of  citiet 
lying  directly  west  of  New  York,  furnished  by  affiliated  water  compa 
nies,  including  Paterson,  Passaic,  Jersey  City,  and  Hoboken.  Th< 
witness  further  stated  that  he  was  a  member  of  the  American  Society 
of  Civil  Engineers,  the  American  Chemical  Society,  the  Society  o 
American  Bacteriologists,  the  American  Public  Health  Association 
the  American  W^aterworks  Association,  and  the  American  Society  o 
Naturalists,  and  that  in  connection  with  his  membership  in  the  Ameri 
can  Public  Health  Association  he  had  been  chairman  of  the  committe< 
on  the  pollution  of  public  water  supplies  and  of  the  committee  oi 
standard  methods  of  water  analysis.     (2602-2605.) 

The  witness  gave  the  following  facts  in  regard  to  the  water  suppl} 
of  St.  Louis:  The  Mississippi  for  many  years  has  been  the  source  of  th< 
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St.  Louis  water  supply.  Thirty  years  or  more  ago  the  municipal 
water  department  established  an  intake  at  Bissells  Point,  near  the 
pr^ent  Merchants  Bridge.  At  that  place  four  settling  basins,  each 
having  a  capacity  of  about  15,000,000  gpJlons  were  provided.  The 
water  from  the  river  was  pumped  to  these  basins,  in  wliich  it  was  set- 
tled— that  is,  partially  clarified — and  partially  purified,  and  then  it 
was  pumped  into  the  distributing  mains  that  conveyed  it  to  the  citi- 
zens of  St.  Louis.  These  works  continued  in  service  until  the  autumn 
of  1894.  For  about  ten  years  preceding  that  time  attention  had  been 
pven  to  the  subject  of  locating  a  new  point  of  intake,  and  as  soon  as 
the  enabling  acts  were  passed  construction  was  commenced  of  the 
works  as  they  now  exist  at  Chain  of  Rocks.  The  object  of  moving  the 
intake  from  Bissells  Point  to  Chain  of  Rocks,  8  miles  or  so  upstream 
and  about  6  miles  below  the  mouth  of  the  Missouri,  was  to  avoid  all 
possibiUty  of  sewage  pollution  such  as  had  been  caused  at  Bissells 
Point  by  the  inhabitants  of  the  northern  district  of  St.  Louis  where  the 
population  had  increased  rapidly  since  the  time  that  the  Bissells  Point 
plant  was  constructed.     (2606.) 

At  Chain  of  Rocks  a  tunnel  is  constructed  through  the  solid  rock, 
extending  out  from  the  Missouri  shore  about  1,500  feet  and  terminat- 
ing in  an  intake  tower  located  on  the  Missouri  side  of  the  main  channel 
of  the  river;  the  water  entering  this  intake  tower  flows  by  gravity 
through  the  tunnel,  which  connects  with  a  suction  well  100  yards  or 
»<)  distant  from  the  shore.  From  this  suction  well  the  water  is  pumped 
by  the  low  lift  pumps  situated  in  the  adjoining  station  to  a  series  of 
six  settling  basins,  each  of  which  is  about  660  feet  long  and  400  feet 
wide  and  has  an  average  depth  of  water  of  about  15  feet  to  flow  line 
and  a  capacity  of  about  29,000,000  gallons.  The  river  water  in  pass- 
ing through  these  settling  basins  is  clarified  to  a  considerable  degree, 
a  large  amount  of  the  mud  found  in  the  raw  river  water  being  left  in 
the  form  of  a  deposit.  A  considerable  portion  of  the  bacteria  are  also 
removed,  including  those  of  infectious  diseases,  if  such  are  present  in 
the  raw  water. 

From  these  settling  basins  at  Cliain  of  Rocks  the  water  flows  by 
gravity  through  a  masonry  conduit  leading  to  the  old  waterworks 
plant  at  Bissells  Point,  where  a  portion  of  it  is  taken  by  the  pumps  in 
the  original  station  and  delivered  to  the  consumers.  Since  1897,  a 
part  of  the  water,  however,  has  been  taken  from  this  conduit  about 
halfway  between  Chain  of  Rocks  and  Bissells  Point,  at  Baden,  where 
the  high-service  pumping  station  is  located.  At  this  station  a  con- 
^iflerable  part  of  the  water  going  to  the  hilly  portions  ol  St.  I^uis  is 
'  pumped.     (2606-2607.) 

The  witness  stated  that  no  change  in  the  method  of  treatment  of 
the  raw  water  from  Mississippi  River  had  taken  place  since  the  late 
autumn  of  1894. 
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It  was  his  opinion  that  the  best  index  of  the  sanitary  character  of 
a  pubhc  water  supply  is  the  record  of  mortahty  from  water-borne 
diseases  in  the  community  using  it,  and  especially  the  mortality 
statistics  of  typhoid  fever.  It  had  been  his  experience  that  the 
typhoid  statistics  are  preferable  to  those  of  other  water-borne  diseases, 
because  of  the  widespread  nature  and  distribution  of  typhoid,  its 
abundance  in  those  communities  supplied  withsewage-pollutedwat^i^. 
its  well-defined  character,  and  the  substantially  large  percentage  of 
deaths  to  cases.  The  witness  bt»lieved,  however,  that  if  Asiatic 
cholera  should  become  established  in  this  country,  it  might  serve 
e(|ually  well  as  an  index  to  the  character  or  water.  He  further  stated 
that  the  number  of  typhoid-fever  deaths  in  the  United  States,  based 
on  a  conservative  estimate,  is  from  25,000  to  30,000  per  year,  and  that 
the  number  of  cases  will  reach  more  than  250,000  annually.     (2608) 

The  witness  then  stated  that  the  water  supplied  to  the  citizens  of 
St.  Ix)uis  during  the  years  1895  to  1899  was  what  might  be  called 
good  sanitary  water,  basing  his  judgment  on  the  typhoid-mortality 
statistics.  The  water  entering  the  intake  tower  of  the  waterworks 
during  the  same  period  was  what  might  be  called  a  suspicious  water, 
by  which  he  meant  not  distinctly  a  good  water,  and  was  in  a  much  less 
safe  condition  from  a  sanitary  standpoint  than  after  it  had  been  stored 
in  the  settling  basins.     (2608-2610.) 

The  witness  then  reviewed  the  numl>er  of  deaths  from  t^^phoid  fever 
in  St.  Louis  from  1895  to  1902,  inclusive,"  and  went  on  to  state 
that  averaging  the  number  of  deaths  during  the  first  five  years,  1805 
to  1899,  gives  112  deaths  }>er  annum  from  typhoid  fever,  while  a 
similar  average  during  the  three  years  beginning  January,  1900,  is 
196,  showing  an  increase  in  round  numbers  of  about  80  per  cent  in 
the  number  of  deaths.  The  increase  of  jwpulation  during  that  period 
being  taken  into  consideration  and  the  typhoid-fever  deaths  bein^ 
expresstul  with  n^ference  to  the  numl>er  per  100,000  population,  there 
had  been  an  increase  since  January,'  1900,  of  about  60  per  cent.  The 
number  of  deaths  fnMu  typhoid  fever  during  the  eight  years  bein^ 
compannl  with  the  numl>er  of  deaths  from  all  causes,  the  increase 
since  January,  1900,  in  the  average  percentage  of  typhoid  mortality 
was  7:^  per  cent.  The  witness  then  stated  that,  to  speak  broadly, 
then^  had  Ihhmi  an  incnMis<>  during  the  period  from  January  1,  1900. 
to  the  ilrtte  of  the  tostinu>ny  of  alnnit  60  to  70  per  cent  above  the 
average  of  the  earlier  |HMiod.  Comparing  the  numl>er  of  deaths  from 
typhoid  fever  during  the  first  live  months  of  each  year  in  the  two 
|HM*iods.  the  \\itness  stated  that  the  earlier  ]H^riods  showed  numbers 
vor\  nuu'li  les^  than  the  later.  This  was  particularly  tnieof  the  year 
of  the  te>tunon\ ,    190;>,   when   thert^  wert»  in  January  15  deaths,  in 
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Februarv'  15,  in  March  20,  in  April  17,  and  in  May,  up  to  the  date 
of  testimony,  18,  indicating  an  unusual  prevalence  of  typhoid  fever. 
(2610-2612J 

The  witness  then  stated  that  he  ascribed  the  increa^sed  amount  of 
infection  to  the  public  water  supply  and  predicated  this  opinion  on 
the  practically  uniform  distribution  throughout  the  city  of  the  resi- 
dences in  which  typhoid  deaths  had  occurred,  and  the  further  fact 
that  a  careful  examination  of  several  other  possible  sources  of  typhoid 
fever  showed  that  no  substantial  portion  of  tnis  increase  can  be 
explained  in  that  way.  Since  January-,  1900,  the  sanitary  character  of 
the  public  wat^r  supply  delivered  to  the  consumers  in  St.  I^uis  has 
l)eeii  less  safe  than  fonnerly  and  it  could  not  be  classed  as  good  water, 
l'^  the  treatment  of  the  raw  w  ater  after  it  left  the  intake  tower  had 
l>een  essentially  the  same  since  January,  1900,  as  before,  the  witness 
<le<lared  that  the  change  must  have  come  about  in  the  water  before 
entering  the  tower  and  at  some  place  above  the  waterworlcs.  Con- 
tinuing, he  stated  that  he  w^as  generally  familiar  with  typhoid  sta- 
lii^tics  in  the  larire  centers  of  population  on  the  Mississippi  watershed 
above  Chain  of  Rocks.  During  the  periods  untier  discussion  there 
Wl  been  at  a  number  of  points  some  variation  in  the  amount  of 
typhoid  fever  prevailing  indifferent  years.  To  take  the  typhoid-fever 
>ta'istics  on  this  watershed,  as  a  whole,  excluding  the  sanitarv  dis- 
trict of  Chicago,  it  was  his  judgment,  based  on  the  average  number  of 
tieaths  from  typhoid  per  year,  that  there  had  not  occurred  on  the 
natural  drainage  area  of  the  Mississipj>i  watershed^  above  St.  Louis 
HDv  increase  in  the  number  of  deaths  sufficient  to  explain  to  any 
material  degree  the  less  safe  condition  of  the  Mississippi  w  ater  at  the 
intake  tower.  He  considered  that  the  cause  of  this  condition  was  the 
'li>chai^e  of  sewage  from  the  drainage  canal,  containing  fdth  antl 
infection  from  the  city  of  Chicago.     (2612-2615.) 

The  approximate  number  of  persons  sewering  into  Mississij)pi  River 
and  its  tributaries  above  the  waterworks  intake  at  Chain  of  Rocks, 
exclusive  of  the  sanitari'  district  of  Chicago,  was  in  round  numbers, 
sccording  to  the  witness,  2,700,000.  This  figure  was  based  on  a  sepa- 
ration of  the  sewerage-contributing  population  from  the  rural  popu- 
lation by  taking  the  towns  of  4,000  and  over  as  representing  those 
*hich  had  sewerage  systems  and  contributed  sewage  directly  to  the 
watercourses.  Some  towns  of  more  than  4,000  population  are  un- 
'loubtedly  not  provided  fully  with  sewerage  facilities,  and  on  the  other 
hand  there  are  a  number  of  tow^ns  of  less  than  4,000  population  which 
iiaye  in  a  limited  measure  some  sewerage.  As  a  practical  proposi- 
>ition  the  amount  of  sewage  contributed  by  the  population  in  towns 
"f  less  than  4,000  inhabitants  no  more  than  offsets  in  the  aggregate 
the  amount  of  pollution  in  the  cities  larger  than  4,000  inliabitants 
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which  do  not  have  sewerage  and  whose  sewage  therefore  reaches  the 
river  indirectly.  In  making  his  statement  as  to  the  number  of  people 
in  the  aggregate  sewering  into  Mississippi  River  above  Chain  of  Rocks, 
the  witness  intended  to  include  Missouri  and  Illinois  rivers,  exclusive 
of  the  sanitary  district  of  Chicago.  Based  on  these  data,  the  witness 
calculated  that  the  increase  in  population  sewering  into  the  Mississippi 
above  St.  Louis  due  to  the  construction  of  the  Chicago  drainage  canal 
was  about  60  per  cent.     (2616-2617.) 

The  witness  estimated  that  it  would  require  from  ten  to  twenty-five 
days  for  the  Chicago  sewage  to  flow  from  Lockport  to  Grafton,  the 
average  time  being  from  fifteen  to  eighteen  days.  He  considered  that 
typhoid  germs  may  and  do  live  in  sewage  and  polluted  water,  such 
as  is  found  in  the  Illinois  River  valley,  for  weeks  and  even  months. 
The  dilution  of  the  Chicago  sewage  as  it  flows  from  Lockport  to 
Grafton  by  the  waters  of  Illinois  River  and  its  tributaries  is  extremely 
variable.  At  times  the  dilution  is  considerable;  at  other  times  the 
flow  of  the  canal  may  exceed  that  or  Illinois  River,  particularly  that 
of  its  upper  reaches.  Consequently  there  results  at  times  a  dilution 
of  the  sewage  by  the  river  and  at  other  times  a  dilution  of  the  river 
by  the  sewage.  Dilution  at  best  does  not  destroy  the  disease  germs 
or  infectious  matter.  Its  efi'ect  is  simply  to  minimize  the  danger  to 
those  who  drink  the  water  so  diluted.  One  efi'ect  of  the  dilution  exist- 
ing in  Illinois  River  at  low  stages  is  to  bring  to  Grafton  more  quickly 
than  would  otherwise  be  the  case  injurious  matter  entering  the  river 
at  points  along  its  route.     (2617-2618.) 

With  reference  to  the  significance  of  the  ponds,  dams,  and  slack- 
water  stretches  found  in  Illinois  River,  the  witness  stated  that  there 
are  a  good  many  days  in  the  course  of  a  year  when  the  velocities  at 
these  points  are  so  low  that  deposition  takes  place  to  a  considerable 
degree.  But  deposition  does  not  mean  permanent  elimination  from 
the  flowing  water.  The  dangerous  substances  may  be  disturbed 
from  time  to  time  by  changes  in  velocity  of  the  stream  flow  due  to 
small  or  great  floods,  or  by  the  passage  of  boats  or  the  action  of  the 
wind.  These  disturbances  cause  the  bacteria  to  leave  the  bed  of  the 
river  and  be  carried  on  to  greater  or  shorter  distances,  and  in  this  way 
the  germs  of  disease  may  pass  from  the  Chicago  drainage  canal  at 
Lockport  to  the  mouth  of  Illinois  River  at  Grafton.  In  fact,  the 
witness  stated  that  it  was  probable  that  the  water  of  Illinois  River, 
passing  into  Mississippi  River  at  Grafton,  was  sometimes  richer  in 
typhoid-fever  genus  derived  from  the  sanitary  district  of  Cliicago 
than  the  water  running  over  the  Bear  Trap  dam.  Such  a  condition 
of  afl*airs  might  arise  at  times  through  disturbances  of  the  sediment 
lying  upon  the  bed  of  the  stream  in  places.  As  the  typhoid  genns  are 
returned  to  the  flowing  stream  from  their  position  on  the  bed  an  ac<*u- 
mulated  result  is  efl'ected,  whereby,  at  times  at  least,  the  waters  of  llli- 
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nois  River  flowing  to  Grafton  may  discharge  the  concentrated  essence 
of  the  infection  by  taking,  in  the  manner  above  described,  portions  of 
the  infection  coming  from  many  days'  flow  through  the  dramage  canal 
into  the  river.     (2619-2620.) 

Contmuing,  the  witness  stated  that  he  did  not  beHeve  it  possible 
for  Dlinois  River  water  ordinarily  to  flow  by  the  intake  at  Chain  of 
Rocks  without  some  of  it  entering  the  intake  tower.  In  his  judgment, 
the  sewage  of  the  sanitary  district  of  Chicago  pollutes  and  infects  the 
water  of  Mississippi  River  along  the  Missouri  shore  to  such  an  extent 
that  it  makes  this  water  less  safe  for  drinking  and  domestic  purposes 
than  it  was  before  the  opening  of  the  drainage  canal.  This  conclusion 
he  believed  to  be  borne  out  by  an  examination  of  the  records  of 
typhoid-fever  mortaUty.  There  were  on  the  drainage  area  of  Missis- 
sippi River  above  Chain  of  Rocks,  exclusive  of  the  sanitary  district 
of  Chicago,  about  the  same  number  of  typhoid  deaths  from  year  to 
year  betiveen  1895  and  the  date  of  the  testimony,  1903;  but  since  the 
opening  of  the  drainage  canal  there  had  been  added  to  the  drainage 
area  an  amount  of  pollution  shoAVTi  by  1,647  typhoid  deaths  for  1900, 
1901,  and  1902,  and  there  was  no  doubt  in  the  mind  of  the  witness  that 
these  added  cases  had  been  the  cause  of  the  increase  in  St.  I^ouis. 
(2621-2622.) 

Considering  the  probable  future  growth  of  Chicago  and  the  con- 
stantly increasing  amount  of  sewage  discharged  through  the  drainage 
canal,  the  witness  believed  that  the  water  in  Mississippi  River  along 
the  ^lissouri  shore  would  be  rendered  less  safe  than  at  the  present 
time  by  reason  of  the  increased  amount  of  infection  discharged  into 
the  canal  and  the  shorter  interval  of  time  required  for  its  passage 
from  the  canal  to  Chain  of  Rocks  as  a  result  of  the  constantly  increas- 
ing amount  of  water  used  to  dilute  the  sewage,  which  would  quicken 
the  flow  of  Illinois  River.  At  low  stages  of  Illinois  and  Mississippi 
rivers  it  is  quite  possible,  in  the  opinion  of  the  witness,  that  the 
amount  of  pollution  may  become  sufficient  to  exceed  the  amount  of 
oxygen  available  in  the  water  and  to  make  the  two  rivers  resemble 
open  sewers  rather  than  streams  carrying  live,  natural  water.  (2622- 
2623.) 

In  reply  to  the  question  whether  or  not  the  Chicago  sewage  would 
increase  the  difficulties  of  the  problem  of  filtering  or  otherwise  purify- 
ing the  water  supply  of  St.  Louis,  the  witness  stated  that,  in  his  judg- 
ment, the  increased  amount  of  infection  adds  to  the  responsibility  of 
treating  the  water  so  as  to  make  it  perfectly  safe  and  wholesome  for 
the  citizens  of  St.  Louis,  and  that  financially  there  would  be  the 
greater  expense  of  the  construction  of  a  filtration  plant  and  the  added 
cost  of  supplies  used  in  connection  with  its  operation,  especially  in 
limes  of  low  water.  It  would  also  mean  that  filtration  works,  if 
not  194—07 ^9 
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adopted,  must  at  times  be  operated  at  lower  rates  of  filtration  than  if 
this  infection  were  absent,  and  this  reduction  of  the  rate  of  filtration 
would  necessitate  a  larger  and  hence  a  more  expensive  plant  to  purify 
the  same  quantity  of  water."  Looking  some  distance  into  the  future, 
and  considering  the  various  centers  of  population  tributary  to  Missis- 
sippi River  above  St.  Louis,  but  excluding  the  sanitary  district,  the 
witness  was  certain  that  there  will  ultimately  come  a  time  when  single 
filtration  can  hardly  be  expected  to  produce  a  satisfactory  quahty  of 
water  at  Chain  of  Rocks.  This  condition  and  the  time  at  which  it 
arrives  will  depend  on  the  rate  of  increase  of  population  in  the  com- 
munities on  the  drainage  area;  but  whatever  the  rate  of  growth  in 
those  communities  may  be,  it  is  certain  that  the  added  infection  due 
to  Chicago  sewage  will  hasten  the  day  when  single  filtration  will  prove 
unsatisfactory  and  when  it  will  be  necessary  to  resort  to  other  methods 
involving  increased  expense  and  responsibihty.     (2623-2624.) 

CROSS-EXAMINATION. 

In  reply  to  questions  the  witness  stated,  among  other  things,  that  if 
a  stream  of  water  flowing  300,000  cubic  feet  per  minute,  into  which 
was  poured  the  sewage  of  Chicago,  were  started  in  a  tortuous  course 
at  the  Bear  Trap  dam,  receiving  no  dilution  on  the  way,  it  would  not, 
in  his  opinion,  be  absolutely  freed  from  infection  by  the  time  it  reached 
New  Orleans.  While  there  would  be  a  very  great  reduction  in  the 
number  of  typhoid  germs  present,  there  was  no  certainty  of  absolute 
elimination.  The  witness  further  emphasized  the  fact  that  the  self- 
purification  of  a  stream  is  controlled  by  the  time  and  not  by  the  dis- 
tance which  it  runs.  Speaking  absolutely,  he  believed  it  to  be  very 
doubtful  whether  there  was  any  such  thing  as  the  purification  of  a 
stream  of  running  water  into  which  infected  sewage  is  poured.  The 
construction  and  maintenance  of  filtration  systems  for  the  purification 
of  the  St.  Louis  water  were  then  discussed  by  the  witness,  who  stated, 
with  reference  to  the  filtration  of  the  Missouri  River  water  as  con- 
trasted with  that  of  the  Mississippi,  that  there  would  not  be  any  mate- 
rial difference  in  the  construction  of  any  unit  portion  of  the  filters,  but 
that  as  the  pollution  and  infection  increased  a  larger  area  would  be 
required  in  order  to  satisfactorily  purify  the  infected  water.  If  he 
were  providing  a  filter  to  treat  Missouri  and  Mississippi  water  without 
the  admixture  of  that  from  Illinois  River,  there  would  be  no  neces- 
sity for  making  it  larger  or  more  expensive  because  of  the  imion  of 
these  waters.  But  in  the  case  of  the  admixture  of  Illinois  River  water, 
although  there  would  probably  be  no  marked  difference  in  the  size  of 
the  first  installation,  the  reserve  portion  of  that  installation  would 
serve  for  a  shorter  period  of  years  than  would  be  the  case  if  that  water 
were  excluded.     With  the  Illinois  water  included,  it  would  also 
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require  more  skill  and  judgment  on  the  part  of  the  engineer  in  charge 
of  fUter  maintenance.     (2624-2633.) 

TTie  witness  further  stated  that  there  were  a  good  many  days  when 
the  prop>ortion  of  Illinois  River  water  entering  the  St.  Louis  intake  is 
exceedingly  small^  but  to  guard  against  danger  arising  on  those  occa- 
sions when  a  considerable  proportion  of  Illinois  River  water  enters  the 
intake,  there  would  be  required  a  constant  exercise  of  care  and  skill 
equivalent  to  that  which  would  be  necessary  if  it  were  absolutely  cer- 
tain that  a  considerable  proportion  of  Illinois  River  water  came  in 
constantly. 

The  cross-examiner  then  sought  to  establish  the  assertion  that  if  it 
were  necessary  to  provide  more  expensive  filters  and  maintain  a  more 
expensive  superintendence  because  of  the  discharge  of  Chicago  sewage, 
the  same  necessity  would  arise  in  case  there  were  a  great  epidemic  of 
t^-phoid  fever  at  Kansas»City,  the  infection  from  which,  as  admitted 
by  the  witness,  would  reach  Chain  of  Rocks  under  ordinary  conditions 
in  about  one  week.  The  apparent  purpose  was  to  show  that  for  the 
safety  of  St.  liouis  at  all  times  it  would  be  necessary  to  provide  as 
expensively  for  the  elimination  of  sewage  naturally  running  into  the 
Mississippi  drainage  area  as  it  would  for  that  of  sewage  artificially 
diverted  through  the  drainage  canal.  The  witness  replied  that  there 
would  be  an  added  danger  from  Illinois  River,  in  that  it  is  intermit- 
tently flushing  out  lai^  accumulations  of  infected  sediments,  making 
the  water  constantly  dangerous,  whereas  in  the  case  of  the  supposed 
Kansas  City  epidemic  the  danger  would  not  be  constant  but  confined 
to  a  single  limited  period.  As  a  general  proposition,  the  growth  of 
Kansas  City  is  an  impending  menace  to  the  water  supply  of  St.  I^ouis, 
but  the  contingency  is  remote,  while  the  addition  of  the  sewage  from 
the  Chicago  drainage  canal  makes  much  less  distant  the  day  when 
serious  trouble  will  result  from  the  use  of  the  water  at  the  Chain  of 
Rocks  intake.     (2639-2641.) 

With  reference  to  the  sewage  pumped  from  Chicago  River  into  the 
Illinois  and  Michigan  Canal,  thence  entering  Desplaines  River,  the 
witness  stated  that,  in  his  opinion,  prior  to  1899  this  canal  contained 
infection'in  a  considerable  proportion,  though  a  large  part  of  the  infec- 
tion from  Chicago  sewage  remained  in  Chicago  River.  When  the 
sewage  was  pumped  into  the  Illinois  and  Michigan  Canal  the  organic 
niatter  was  in  so  advanced  a  state  of  decomposition  that  the  propor- 
tion of  typhoid-fever  germs  present  compared  with  that  originally 
present  in  Chicago  River  was  exceedingly  small,  particularly  as  the 
much  diluted  contents  of  the  canal  flowed  into  Desplaines  River. 
While  this  water  was  not  absolutely  free  from  infectious  germs  dan- 
gerous to  the  people  of  St.  Louis,  it  was  absolutely  certain  that  it  was 
not  suflBciently  infected  to  cause  any  trouble  in  that  city,  as  evidenced 
by  the  low  typhoid-fever  rate.     The  Illinois  and  Michigan  Canal  was 
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in  effect  a  septic  tank.  It  encouraged  the  growth  of  certain  kinds  of 
bacteria  which  are  known  to  have  a  destructive  influence  on  the 
germs  of  typhoid  fever.  This  septic  action,  such  as  occurs  in  a  tank 
or  has  occurred  in  the  lUinois  and  Michigan  Canal,  does  not  ordinarily, 
if  ever,  take  place  in  the  bed  of  a  stream  to  such  an  extent  that  it  would 
affect  very  materially  the  life  of  typhoid  germs.  (2644-2645,  2652.) 
In  the  course  of  over  a  year's  investigation  of  water  in  Ohio  River 
at  Cincinnati,  involving  practically  daily  examinations,  the  witness 
found  BdciUus  prodigiostis  on  one  occasion.  While  there  is  a  possi- 
bility that  others  existed  in  the  same  water,  it  is  a  fact  that  the  bac- 
terium is  rarely  found  in  American  waters,  although  it  is  a  very  easy 
germ  to  discover.     (2665-2666.) 

REDIRECT   EXAMINATION. 

With  reference  to  specific  instances  of  typhoid  bacilli  being  traced 
through  the  outfalls  of  the  sewers  of  a  city  into  running  streams  and 
conveying  typhoid  to  persons  using  that  water,  the  witness  said  that 
there  were  many  in  the  sewage-polluted  Ohio  basin,  especially  at 
Louisville.  The  sewage  coming  down  to  Louisville  originates  almost 
entirely  at  Cincinnati,  a  distance  of  about  150  miles,  and  points  above. 
At  times  of  very  low  flow  in  the  river  the  velocity  is  so  slight  that  the 
period  of  time  required  for  those  germs  to  pass  from  Cincinnati  to 
Louisville  is  more  than  a  month.  Nevertheless  there  was  typhoid  in 
Louisville  due  to  the  consumption  of  river  water,  even  though  the 
water  had  passed  through  settling  basins  holding  five  or  six  days' 
supply,  in  which  sedimentation  takes  place.  This,  in  the  opinion  of 
the  witness,  was  a  very  reliable  demonstration  that  typhoid-fever 
germs  are  not  absolutely  removed  from  sewage-polluted  waters  in  a 
period  of  one  month.  He  cited,  further,  the  instance  of  Covington, 
Ky.,  mentioned  in  the  testimony  of  Professor  Sedgwick,  and  stated 
that  he  considered  that  there  was  no  room  for  doubt  that  a  portion 
of  the  pollution  existing  in  Ohio  River  at  Cincinnati  is  due  to  the  sew- 
age from  cities  located  in  Allegheny  County,  Pa.,  such  as  Pittsburg 
and  Allegheny,  which  are  450  to  500  miles  by  river  above  Cincinnati. 
(2666-2667.) 

In  reply  to  a  question  concerning  the  deposits  of  sediment  in  the 
slack-water  places  in  Illinois  River,  such  as  Lake  Peoria,  the  witness 
statetl  that  there  is  documentary  evidence  and  practical  observation 
as  to  the  amount  of  scouring  which  takes  place.  He  quoted  from 
reports  of  the  Chief  of  Engineers  of  the  United  States  Army  as  follows: 

Channels  dredged  twenty  years  ago  are  but  little  deteriorated,  and  it  is  surprising 
to  find  that  there  has  been  no  deterioration  in  depth  in  the  pools  created  by  the  Henry 
and  Copperas  Creek  dams  after  from  fifteen  to  twenty-eight  years'  use.o 

The  dams  [in  Illinois  River]  have  no  appreciable  effect  above  mid-stage  of  the  river 

aRept.  Chief  of  Engineers,  U.  S.  Anny,  1805,  p.  2716. 
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when  currents  are  the  strongest,  so  that  all  lighter  sediment  is  swept  away  as  well  now 
a&  before  the  construction  of  the  dams.  That  there  has  been  no  appreciable  change 
felt  in  the  pools  of  Illinois  River  is  a  fact  that  has  been  often  remarked  upon  by  steam- 
boat men  and  p>ersons  interested  in  the  use  of  the  river  since  the  construction  of  the 
firet  dam  at  Henry,  thirty  years  ago.a 

The  witness  concluded  his  redirect  examination  by  stating  that  in 
his  judgment  no  great  amount  of  sediment  remains  upon  the  bed  of 
the  stream  of  Illinois  River  for  any  great  length  of  time.     (2667-2668.) 

GARDNER  S.  WILLIAMS. 
DIRECT   EXAMINATION. 

Gardner  S.  Williams,  a  witness  called  in  behalf  of  the  complainant, 
stated  that  he  was  a  consulting  water  supply  and  hydraulic  engineer 
of  Ithaca,  N.  Y.,  consulting  engineer  of  the  Ithaca  Waterworks  Com- 
pany, and  professor  of  experimental  hydraulics  in  Cornell  University, 
having  occupied  the  latter  position  since  the  fall  of  1898;  that  he  had 
been  educated  in  the  common  and  high  schools  of  Michigan  and  in 
the  engineering  department  of  the  University  of  Michigan,  where 
he  took  the  degree  of  bachelor  of  science  in  civil  engineering  in 
1889  and  the  advanced  degree  of  civil  engineer  in  1899,  the  latter 
being  conferred  on  him  by  reason  of  his  extensive  studies  in  con- 
nection with  water  supplies,  especially  from  a  sanitary  standpoint, 
water-borne  diseases,  and  investigations  of  the  flow  of  water,  on 
which  he  had  later  been  awarded  the  Normal  medal  by  the  Ameri- 
can Society  of  Civil  Engineers.  He  had  been  connected  with  the 
construction  of  waterworks  at  Bismarck,  N.  Dak.,  and  Greenville 
and  Owasso,  Mich.;  from  1893  to  1898  he  was  civil  engineer  to  the 
board  of  water  commissioners  of  Detroit,  where  he  was  in  charge 
of  the  engineering  work  connected  with  the  construction  of  the 
extensive  supply  system  of  the  city  and  made  investigations  on 
the  flow  of  Detroit  River  in  the  American  channel.  He  was  also 
engaged  as  consulting  engineer  in  the  construction  of  other  systems 
and  planned  and  constructed  additions  to  the  waterworks  plant  at 
Ithaca,  N.  Y.  The  witness  stated  that  since  assuming  charge  of  the 
hydraulic  laboratory  at  Cornell  University,  which  he  claimed  to  be 
the  most  extensive  hydraulic  experiment  station  in  the  world,  he 
had  had  abundant  opportunity  to  study  the  flow  of  waters  and 
their  effects  on  the  beds  of  streams,  having  conducted  extensive 
experiments  on  the  flow  of  water  in  open  channels  and  over  dams 
for  the  United  States  Board  of  Engineers  on  Deep  Waterways,  for 
the  city  of  New  York  in  connection  with  its  investigations  of  the 
Croton  water  supply,  and  for  the  New  York  State  canal  survey, 
together  with  a  number  of  less  important  investigations  instituted  by 
the  laboratory  itself.     At  the  time  of  testimony  the  laboratory  was 

a  Kept.  Chief  of  Engineers,  U.  S.  Army,  1898,  p.  2436. 
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engaged  on  an  extensive  series  of  experiments  for  the  h; 

branch  of  the  Ihxited  State^^  Geologiciil  Survey,     During  th 
investigated  the  flow  of  water  at  Ilolyoke,  MaKs.,  and  SauU 
Mich. 

Tilt*  witness  statert  thiit  lie  hat!  made  investigations  of 
fevrr  epidenucs  at  Detroit,  Saginaw,  and  Charlev^oix,  Mi4 
Ithaca^  N.  Y.,  and  Imd  sludiod  the  information  (published  i 
to  epideiniej?  of  water-bom©  diseases  in  this  country  and' 
{2418-2421.) 

Tlie  sewerage  system  of  Chicago  was  described  a^i  a  comlii 
tern,  receiving  both  household  sewage  and  washings  and  fihh  fr 
Htreet^  of  the  entire  city.  The  sewers  receive  the  discliai^'^i  «|| 
1,750,000  people,  amoimting  to  about  4,400  cubic  feet,  or  1501 
solid  human  feeal  matter  every  twenty-four  lioiii^,  which,  m 
!o  the  witness,  was  more  tlmn  50  per  cent  of  the  suspended  sofi 
ter  at  Ijockport.  The  greater  portion  of  this  sewage  is  deliva 
Chicago  River  and  its  branches  and  carried  by  way  of  tlie  el 
canal  into  Desplaines,  Illinois,  and  Miasisaippi  rivers;  the  rei| 
of  the  sewage  is  emptied  into  Ijake  Micliigan.  That  going! 
tlie  drainage  canal  is  diluted  with  Lake  Michigan  water.  tak# 
a  point  directly  over  the  beds  of  sewage  deposit,  which  are  fma 
feet  deep.  This  water  is  so  poor  that  in  the  opinioii  of  the  wi 
it  were  delivered,  unmixed  with  sewage,  to  a  conduit  snihv 
carry  it  to  the  Mississippi  at  Grafton  in  the  same  period  it  takes 
present  mixture  to  pass  downstream  to  the  same  point  it  wt 
very  likely  to  caiTy  disease  infection  and  would  thereby  const 
menace  to  the  health  of  tlie  peoj)le  using  the  Mississippi  watei 
Grafton  for  drinking  purposes.     (2422-2424.) 

Referring  to  the  pliysical  characteristics  of  Desplaines  and 
rivers,  the  witness  stated  that  below  Ijockport  the  Desplaine? 
rapid  fall  to  Joliet,  where  the  slope  becomes  materially  less  anc 
velocities  follow.  Tlie  stream  then  passes  on  into  the  Illinois, 
has  a  moderate  slope  in  its  upper  portion,  but  as  it  comes  down  1 
La  Salle  reaches  a  very  flat  country,  where  it  partakes  essenti 
times  of  the  nature  of  an  estuary  rather  than  of  a  river.  It  le^ 
banks  at  a  stage  a  little  over  10  feet  above  ordinary  low  wat 
overflows  large  areas,  forming  basins  which  temporarily  sto 
flood  waters  and  then  return  them  to  the  stream.  For  the  pur] 
improving  navigation  numerous  dams  have  been  constructed 
the  stream;  these,  being  intended  solely  to  store  water  in  tii 
drought ,  are  not  of  the  nature  of  dams  built  for  power  purposes. 
difl'erence  in  height  of  the  water  surfaces,  measiu'ed  from  the  cr 
the  dam,  in  what  would  be  the  upper  and  the  lower  pools  is  freq 
less  than  half  afoot,  so  that  in  the  case  of  markedly  higher  wat 
dams  become  submerged  weirs.     In  times  of  low  water  thev  caa« 
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siderable  quiescence  and  an  extensive  sedimentation  of  suspended  mat- 
ter results.  As  depositions  occiu-  in  flowing  water,  the  heavier  materials 
naturally  are  deposited  first.  It  is  a  notable  fact  that  in  such  a  stream 
the  pressures  existing  in  the  thin  layers  of  water  vary  inversely  as  the 
Telocity ;  that  is,  the  higher  the  velocity  the  less  the  pressure  which  the 
flowing  water  is  able  to  exert  on  the  water  adjacent  to  it.  The  veloc- 
ity in  streams  is  ordinarily  rather  uniform  for  some  distance  below  the 
suHace,  so  that  it  is  easily  possible  for  suspended  matter  to  disappear 
from  the  surface  of  the  stream  and  get  into  the  lower  layers.  As  it 
approaches  the  bottom,  however,  the  decrease  in  velocity  becomes  more 
rapid,  and  hence  the  increase  of  pressiu-e  from  point  to  point  becomes 
more  marked  and  the  sinking  particles  meet  a  higher  resistance,  so 
that  there  accumulates  at  the  bottom  a  layer  of  water  that  is  highly 
charged  with  suspended  matter.  The  lighter  particles  in  the  water 
will  be  the  last  to  be  deposited,  and  we  may  say,  generally  speaking, 
that  the  bacteria,  which  are  of  very  nearly  the  same  specific  gravity  as 
that  of  the  water  itself,  will  only  be  borne  to  the  bottom  when  entan- 
gled with  the  heavier  suspended  matter.  Therefore  such  bacteria 
would  be  less  liable  to  be  deposited  than  the  inert  mineral  matter. 
(2425-2427.) 

Although  it  is  true  that  large  amounts  of  sedimented  material  have 
been  defK)sited  in  Illinois  River,  there  are  also  times  when  the  river 
scours,  or,  in  other  words,  takes  up  such  deposited  matter  and  carries 
it  downstream.     Observations  of  the  United  States  engineers  who 
have  had  charge  of  the  improvement  of  that  river  show  that  there  has 
been  no  extensive  silting  up  or  filling  of  the  channels  of  the  stream, 
either  natural  or  artificial.     It  is  not  necessary  to  have  flood  condi- 
tions in  order  that  this  suspended  matter  shall  be  taken  up  and  carried 
along.     Very  small  changes  in  the  stages  of  the  river  make  very  decided 
differences  in  the  transportation  of  this  material.     The  passage  of 
boats  also  has  very  decided  efl'ects  in  stirring  up  these  deposits.     The  ' 
witness  stated  that  during  his  investigations  of  the  flow  of  St.  Marys 
River  he  had  opportunity  to  observe  the  extent  to  which  these  varia- 
tions in  the  velocity  of  the  stream  were  felt.     There  was  at  that  time  a 
channel  about  2,600  to  2,800  feet  wide  and  through  the  major  part  of 
its  extent  the  depth  was  50  to  56  feet.     When  a  steamer  drawing  from 
14  to  17  feet  passed  through  the  channel,  the  velocities  in  the  stream 
were  disarranged  and  disturbed  for  a  distance  of  as  much  as  100  feet 
each  way  from  the  steamer  and  extending  to  the  bottom,  and  this 
disturbance  continued  sometimes  for  as  much  as  half  an  hour  after 
the  passage  of  the  steamer  before  the  water  was  able  to  resume  its 
normal  regimen.     Such  effects  can  not  fail  to  be  an  important  factor 
in  the  disturbance  of  the  sedimentary  deposits  that  may  be  formed 
along  the  bottom  of  a  river,  and  they  will  lead  to  the  picking  up  of  par- 
ticles from  the  highly  loaded  layer  of  water  next  to  the  bottom.     The 
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lighter  particles  will  of  course  be  disturbed  first,  and  therefore  the 
bacteria  will  be  much  more  likely  to  be  resuspended  and  carried  far- 
ther downstream  than  the  mineral  matter.  They  might  be  redepos- 
ited  in  some  places  in  the  course  of  flow,  but  some  of  them  would 
undoubtedly  be  carried  for  very  long  distances,  and  in  the  case  of  Illi- 
nois River  would  be  eventually  discharged  into  Mississippi  River. 
Whether  or  not  their  virulence  would  be  diminished  would  depend  on 
the  length  of  time  during  which  the  bacteria  might  have  remained 
deposited  in  the  bed  of  the  stream,  but  under  such  conditions  as  exist 
in  Desplaines  and  Illinois  rivers,  receiving  sewage  from  the  city  of 
Chicago,  the  witness  saw  no  reason  to  believe  that  germs  so  deposited 
would  be  destroyed.  It  seemed  to  him  entirely  possible  that  as  a 
result  of  the  scouring  action  set  up  at  the  bottom  of  the  slack-wateij 
portions  of  Illinois  River,  the  water  in  times  of  flood  might  be  mor^ 
heavily  charged  with  polluted  and  infectious  matter  than  is  the  dilute 
sewage  delivered  into  Desplaines  River  over  the  Bear  Trap  dam, 
(2427-2433.) 

The  witness  stated  that,  according  to  his  estimates,  during  ovei 
three  hundred  days  in  the  year  1900  the  water  would  have  flowed 
from  the  Bear  Trap  dam  to  the  mouth  of  Illinois  River  in  less  thai 
fifteen  days.  The  discharge  of  Illinois  River,  containing  the  mixture 
of  Chicago  sewage  and  water,  would  increase  the  pollution  and  infec 
tion  of  the  water  of  Mississippi  River  at  Grafton  and  render  it  les^ 
safe  for  drinking  and  general  household  purposes.  Water  so  dis 
charged  would  become  mixed  with  Mississippi  River  water  so  as  t^ 
affect  its  quality  on  the  Missouri  shore.  When  Illinois  River  enters 
the  Mississippi  at  a  lower  velocity  than  that  of  the  latter  stream,  th< 
Illinois  water  would  be  drawn  or  forced  to  mingle  with  the  Mississipp 
water  in  the  same  way  that  it  is  possible  to  pump  water  by  means  o 
the  jet  pump,  which  delivers  a  jet  of  water  through  a  channel  at  i 
high  velocity,  entraining  with  it  the  slower-moving  water  at  its  side 
Expressed  in  more  popular  language,  the  principle  as  stated  by  th 
witness,  was  that  the  more  swiftly  moving  stream  exerts  a  suction  oi 
the  water  of  the  slower  stream  which  leads  to  the  dissemination  an^ 
mixing  of  the  latter  throughout  the  volume  of  the  former.  When  thi 
velocity  of  Illinois  River  is  greater  than  that  of  the  Mississippi,  thi 
momentum  of  the  particles  delivered  to  the  Mississippi  would  be  sue] 
as  to  carry  them  well  out  into  the  stream.  The  backing  up  of  Mia 
sissippi  River  water  into  Illinois  River  would  also  have  the  effect  o 
producing  a  fairly  thorough  mixture  of  the  waters  of  the  Illinois  an^ 
so  much  of  the  waters  of  the  Mississippi  as  backed  up  into  the  streanq 
and  as  the  flow  of  this  water  which  had  been  stored  in  the  Illinoi 
came  out  of  the  mouth  of  the  river,  it  would  have  the  same  effect  as  \ 
flood  rising  in  the  Illinois  itself,  producing  an  additional  scouring  o\ 
the  bottom  of  the  river.     The  witness  then  stated  that  he  was    pre 
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pared  to  assert  positively  that  at  times  the  waters  of  Illinois  River 
rwLch  the  intake  of  the  St.  Louis  waterworks  at  Chain  of  Rocks.  (2434- 
2436.) 

The  witness  stated  that  if  all  the  disease  organisms  discharged  into 
niinois  River  through  the  Chicago  drainage  canal  should  become 
innocuous  at  Lockport,  the  discharge  would  still  be  a  menace  to  the 
health  of  the  people  of  Missouri  who  used  the  Mississippi  water  for 
drinking  purposes,  for  the  reason  that  this  quantity  of  water  added 
to  the  stream  tends  to  decrease  materially  the  time  required  for  the 
flow  from  various  points  of  pollution  along  Illinois  River,  thereby 
making  the  infection  reach  St.  Louis  in  a  much  shorter  time  than 
was  required  previous  to  the  opening  of  the  canal.  Concerning  the 
probable  average  and  probable  range  of  dilution  of  the  suspended 
matter  in  the  water  of  Mississippi  River  flowing  past  Chain  of  Rocks, 
caused  by  the  discharge  of  Illinois  River,  the  witness  stated  that  his 
computations  showed  that  during  seven  months  in  the  year  the  ratio 
of  the  amount  of  suspended  matter  delivered  into  Desplaines  River 
from  the  Chicago  drainage  canal  and  the  amount  of  water  flowing  in 
^Mississippi  River  at  Chain  of  Rocks  is  from  five^tenths  to  1  part  of 
the  suspended  matter  per  million  parts  of  water  in  the  Mississippi, 
and  at  a  time  of  low  water  If  parts  per  million.  This  computation 
B  based  on  the  solids  which  are  in  suspension  in  the  sewage  at  the 
Bear  Trap  dam  and  has  no  bearing  on  any  substances  which  may  be 
in  solution,  and  therefore  do  not  appear  as  solids  in  suspension. 
:2436-2439.) 

The  witness  then  described  a  case  where  a  similarly  polluted  mix- 
I  tiire  of  suspended  solids  from  sewage  matter  had  produced  typhoid 
I  fevo-,  as  follows: 

The  water  supply  of  the  city  of  Detroit  is  drawn  from  the  American  channel  of  the 
IMimt  River,  at  the  head  of  the  river  or  at  the  foot  of  Lake  St.  Glair.  Detroit  River, 
I  4=  y<m  know,  is  one  of  the  links  in  the  connecting  waters  between  the  upper  lakes, 
Huron,  Michigan,  and  Superior,  and  the  lower  lakes,  Erie  and  Ontario,  and  is  the 
•atnial  outlet  of  the  upper  Great  Lakes  to  the  sea.  The  water  from  Lake  Huron  enters 
tfe^  St.  (lair  River  and  flows  through  it  a  distance  of  about  35  miles,  to  the  ^elta  of 
^  St.  Clair  River,  when  it  discharges  into  Lake  St.  Clair.  Lake  St.  Clair  is  nearly 
"•imhr  in  form,  being  24  miles  wide  and,  including  its  delta,  about  24  miles  in  length, 
E^awred  in  the  direction  of  flow.  The  water  supply  of  Detroit  is  taken  practically 
^"Si  the  lake  or  from  the  river  a  few  hundred  feet  below  the  point  where  it  takes 
^■e  ofigin  in  Lake  St.  Clair. 

Ib  the  year  1890  the  number  of  deaths  in  the  city  of  Detroit  from  typhoid  fever  were 
>  in  the  year  1892  the  number  of  deaths  from  typhoid  fever  in  the  city  of  Detroit 
▼*rf  209.  This  remarkable  increase  was  such  as  to  cause  Detroit  for  that  year  to 
^^  tink  among  those  cities  which  have  had  the  highest  death  rates  from  typhoid 
fe^er  in  America — there  are  but  one  or  two  of  our  large  cities  that  have  had  death 
Mes  notably  higher  than  this,  one  of  them  being  Chicago.  An  examination  of  the 
'^^^  showed  that  this  epidemic  began  in  June,  during  which  month  there  were  38 
^5ih?  by  typhoid  fever.  As  the  civil  engineer  to  the  board  of  water  commissioners 
^  I^etroit,  it  was  very  natui^  that  my  attention  should  be  called  to  this  condition 
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of  affairs,  as  many  people  attributed  the  cause  of  the  epidemic  to  the  water  supp^ 
and  I  started  to  ascertain,  if  it  were  possible,  where  such  a  remarkable  infection  coti 
have  cooie  from  so  suddenly  and  so  unexpectedly.  After  an  extended  investigatiq 
I  found  that  the  epidemic  was  undoubtedly  caused  as  a  result  of  improvements  to  t^ 
channel  of  Black  River,  which  flows  into  St.  Clair  River  near  its  head,  at  Port  Hunn 
a  distance  of  about  57  miles  from  the  intake  of  the  Detroit  waterworks.  I  found  thi 
Black  River,  which  was  a  sluggish  stream,  having  ordinarily  no  current  whatevi 
and  only  in  times  of  heavy  rains  a  perceptible  current,  had  been  for  years  receivin 
the  sewage  from  the  city  of  Port  Huron,  through  the  center  of  which  it  flows.  In  ord^ 
to  improve  the  harbor  of  Port  Huron,  which  was  virtually  the  lower  portion  of  Blad 
River,  the  United  States  Government  had  caused  the  river  to  be  dredged  during  th 
early  months  of  1892,  and  in  the  process  of  that  dredging  had  remQved  deposits  froi 
near  the  mouths  of  the  sewers  which  ranged  in  depth  from  a  foot  to  7  or  8  feet,  anc 
according  to  the  testimony  of  some  of  those  who  lived  along  the  banks,  to  as  much  s 
10  feet  in  depth.  This  material  was  loaded  upon  scows  and  transported  out  into  th 
St.  Clair  River,  where  it  was  discharged  or  dumped  into  the  stream,  at  a  point,  s 
I  have  already  stated,  about  57  miles  above  the  intake  of  the  Detroit  waterworks, 
found  upon  further  investigation  that  this  work  had  been  begun  during  1891  and  ths 
conditions  were  such  that  this  particularly  highly  infectious  deposit  of  material  wi 
reached  right  at  the  beginning  of  the  operations  in  1892,  so  that  this  fully  explaine 
the  sudden  outbreak  of  typhoid  fever  in  Detroit,  it  having  been  carried  through  \h 
water  of  the  St.  Clair  River  and  through  Lake  St.  Clair  to  the  intakes  of  the  Detm 
waterworks,  and  thence  distributed  to  the  consumers  throughout  the  city,  with  tb 
result  above  mentioned .     ( 2439-2441 .) 

The  time  elapsing  between  the  deposit  of  infectious  mattei  a 
Port  Huron  and  the  arrival  of  the  water  into  which  it  was  so  dh 
charged  and  the  delivery  of  the  same  to  the  consumers  in  Detroil 
as  stated  by  the  witness,  would  be  the  time  required  for  the  wate 
to  flow  from  the  point  in  St.  Clair  River  where  the  material  was  du 
charged  to  the  intakes  of  the  Detroit  waterworks,  which  he  estimate 
could  not  have  been  less  than  eight  days  and  was  probably  about  te 
days.     (2443.) 

The  witness  then  stated  that  the  incubation  period  of  typhoid 
fever  in  about  75  per  cent  of  the  cases  is  from  ten  to  fifteen  days,  an 
pointed  out  the  fact  that  the  sum  of  the  time  required  for  the  appeal 
ance  of  infection  in  Detroit  after  the  dumping  of  the  pollution  a 
Port  Huron,  the  average  incubation  period,  and  the  ordinary  tim 
elapsing  between  the  onset  of  the  disease  and  the  occurrence  of  deatl 
agreed  within  twenty-four  hours  with  the  time  which  had  elapse 
from  the  deposit  of  the  dredged  material  to  the  time  when  ther 
were  in  a  single  day  in  Detroit  four  deaths  from  typhoid  fever,  ther 
having  been  only  one  death  from  this  disease  during  the  preceding 
twenty-four  days.     ( 2444-2445.) 

The  discharge  of  St.  Clair  River,  according  to  the  witness,  varie 
from  180,000  to  200,000  cubic  feet  per  second.  At  the  time  of  th 
epidemic  the  discharge  was  about  the  former  amoimt,  which  i 
equivalent  to  the  discharge  of  Mississippi  River  at  St.  Louis  durinj 
ordinary  stages.     Assuming  the  degree  of  dilution  from  such  dis 
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charge,  the  witness  found  that  during  the  month  of  April,  1892,  the 
ratio  of  volume  of  dredged  material  discharged  per  day  into  St.  Clair 
River  at  Port  Huron  to  the  volume  flowing  in  said  river  for  twenty- 
four  hours  ranged  from  0.55  to  1.1  parts  of  dredged  material  per 
million  parts  of  water.  The  range  of  dilution  of  the  sewage  matter 
of  Chicago  in  the  waters  of  Mississippi  River  flowing  past  Chain  of 
Rocks  was  stated  to  be  at  ordinary  stages  from  0.5  to  1  part  of  sus- 
peaided  matter  per  milUon  parts  of  water.  The  witness  said  that  the 
proportion  of  suspended  matter  in  the  sewage  and  water  at  Lock- 
port  was  something  over  twenty  times  as  great  as  that  in  St.  Clair 
River,  while  that  in  the  Mississippi  at  Chain  of  Rocks,  coming  from 
the  Chicago  drainage  canal,  was  substantially  the  same  as  that  in  St. 
Clair  River  at  the  time  of  the  Detroit  epidemic.     (2445-2449.) 

The  witness  then  described  the  epidemic  at  Orand  Forks,  N.  Dak., 
substantially  as  follows: 

The  main  sewer  of  the  city  of  Crookston,  Minn.,  became  damaged 
so  that  it  failed  to  discharge  the  material  delivered  into  it.  This  led 
to  the  accumulation  of  deposits  of  sewage  matter  in  the  sewer,  and  to 
afford  a  temporary  reUef  a  small  connection  was  made  aroimd  the 
break,  which  carried  off  a  portion  of  the  liquid  matter  of  the  sewage 
and  discharged  it  into  Red  Lake  River,  the  regular  outlet  for  Crooks- 
ton  sewage.  In  the  fall  of  1893  this  sewer  was  repAifed,  and  Novem- 
ber 17  the  sewerage  system  of  Crookston  was  flushed  of  the  accumula- 
tions which  had  gathered  during  the  several  months  preceding. 
Typhoid  fever  to  the  extent  of  about  60  cases  had  existed  in  Crookstoli 
in  October  and  November.  At  the  time  of  the  flushing  of  these 
sewers  and  the  consequent  delivery  of  sedimentary  accumulations  to 
Red  Lake  River  the  surface  of  the  river  was  frozen  over.  The  town 
of  Grand  Forks  is  located  on  this  river  about  60  miles  below  Crookston. 
hi  November  2  cases  of  typhoid  fever  and  no  deaths  were  recorded 
in  Grand  Forks,  and  for  months  preceding  there  had  been  a  very 
small  amount  of  this  disease.  In  December,  following  the  flushing 
of  the  Crookston  sewers  on  November  17,  230  cases  of  typhoid  fever 
and  4  deaths  were  reported  in  Grand  Forks,  in  January  712  cases  and 
52  de-aths,  in  February  231  cases  and  27  deaths,  in  March  46  cases 
and  10  deaths,  in  April  26  cases  and  2  deaths,  and  in  May  1  case  and 
no  deaths — a  total  of  about  1,200  cases  of  typhoid  fever  and  100 
deaths  at  Grand  Forks  as  a  result  of  the  flushing  of  the  sewers  at 
Crookston.  Grand  Forks  was  at  that  time  taking  ics  water  supply 
from  the  river.  This  evidence  was  introduced  to  show  that  the  infec- 
tious material  accumulated  in  the  Crookston  sewers  had  retained  Its 
rirulence  and  after  such  a  term  of  storage  and  a  transmission  of  60 
miles  by  water  had  resulted  in  this  great  epidemic.     (2455-2456.) 

In  response  to  a  direct  question  the  witness  said  that  it  was  Ins 
(pinion,  based  on  his  knowledge  of  the  transmission  of  typhoid  fever 
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through  water,  the  conditions  found  on  investigation  to  exist  along 
the  drainage  canal  and  the  streams  which  unite  the  sewers  of  Chicago 
with  the  intake  of  the  St.  Louis  waterworks,  and  the  conditions  which 
have  existed  in  Chicago  and  St.  Louis  prior  to  and  since  the  opening 
of  the  canal,  that  typhoid  infection  has  at  times  been  transmitted 
from  CSiicago  to  the  St.  Louis  intake,  and  that  such  conditions  might  be 
expected  to  persist  in  the  future.  The  best  criterion  of  the  sanitary 
quahty  of  a  water  supply  that  is  used  by  a  community  for  domestic 
purposes  is  the  presence  or  absence  among  the  people  who  use  it  of 
water-borne  diseases,  of  which  typhoid  is  the  most  important.  The 
evidence  afforded  by  the  typhoid-fever  statistics  of  St.  Louis  for  the 
period  1895  to  1899  would  indicate  that  the  water  supply  was  not 
ideal.  Nevertheless,  it  would  compare  favorably  with  the  suppUes 
of  a  very  large  number  of  American  cities  and  would  rank  with  about 
the  second  class  of  American  water  supplies,  as  experts  usually  con- 
sider them.  The  evidence  presented  by  the  typhoid-fever  statistics 
in  St.  Louis  subsequent  to  January  17,  1900,  however,  showed  that 
the  probable  infection  of  the  supply  had  become  nearly  twice  as  great 
and  that  its  rank  had  materially  dropped,  judged  by  the  conventional 
standards  of  purity.     (2460-2463.) 

The  significance  of  the  sanitary  analysis  as  an  aid  in  determining 
the  presence  of  infectious  pollution  was  then  explained  by  the  witness, 
who  said  that  if  it  fails  to  show  anything  of  a  deleterious  character, 
it  is  nevertheless  not  to  be  accepted  as  an  evidence  of  purity,  but  if  it 
does  show  the  presence  of  substances  which  are  recognized  as  con- 
nected with  infectious  material,  then  it  is  to  be  regarded  as  a  valuable 
indication  of  the  possibility  of  contamination.  Whenever  chemical, 
microscopical,  or  bacterial  analyses  of  water  indicate  the  presence  oi 
substances  that  are  known  to  be  related  to  infectious  matter,  it  h 
proper  to  give  to  such  evidence  great  weight  in  estimating  the  quality 
of  the  water.  On  the  other  hand,  it  is  not  necessary  for  the  expert  tc 
depend  on  or  to  require  either  of  these  analyses  in  order  to  determine 
the  degree  of  pollution  of  a  water  if  it  is  possible  for  him  to  see  the 
polluting  material  flowing  into  it.     (2464-2467.) 

The  witness  then  stated  that  if,  with  a  knowledge  of  the  existence 
of  the  conditions  at  Chicago  and  along  the  drainage  canal  and  Des- 
plaines  and  Mississippi  rivers,  as  they  were  known  to  the  witness,  ai 
*^ expert"  should  state  that  it  is  impossible  for  infectious  matter  dis 
charged  by  the  sewers  of  Chicago  to  reach  the  Missouri  shore  of  Mis 
sissippi  River  and  the  intake  of  the  St.  Louis  waterworks  and  be  c 
source  of  danger  to  the  citizens  of  Missouri  residing  on  that  shore  anc 
using  the  water  from  the  Mississippi  below  the  mouth  of  Illinois  Rivei 
for  drinking  purposes  and  to  the  citizens  of  St.  Louis  using  the  watei 
supply  drawn  through  the  intake  at  Chain  of  Rocks,  he  (the  witness' 
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would  say  that  the  person  making  this  statement  had  thereby  shown 
such  a  lack  of  knowledge  of  the  history  of  water-borne  diseases  and 
the  life  and  phenomena  connected  with  their  transmission  and  infec- 
tion as  well  as  of  the  laws  of  flow  of  water  in  open  channels  as  to 
totally  disqualify  him  as  an  expert  on  the  sanitary  value  or  quality 
of  a  public  water  supply.  The  problem  before  future  generations  in 
St.  Louis  by  reason  of  the  discharge  of  Chicago  sewage  into  Illinois 
River  is  far  more  diflBcult  than  that  which  is  to  be  faced  at  present. 
A  careful  study  of  the  relations  existing  between  the  flow  of  rivers 
contributing  to  the  water  flowing  past  the  St.  Louis  intake  and  the 
prevalence  of  water-borne  diseases  in  the  city  of  St.  Louis  among 
those  of  her  citizens  who  are  using  the  public  supply  has  led  to  the 
conclusion  that  at  the  present  time  the  remarkable  immimity  from 
serious  typhoid  infection  which  the  citizens  of  St.  Louis  have  thus 
far  experienced  is  due  very  largely  to  the  character  and  amount  of 
water  contributed  by  Missouri  River.  As  the  Missouri  enters  the 
MLffii^ppi  the  amount  of  silt  in  suspension  in  its  water  often  amounts 
U)  over  1 ,200  parts  per  million.  A  large  part  of  this  silt  is  of  such  a 
nature  as  to  be  readily  deposited  when  the  water  approaches  a  state 
of  approximate  quiescence;  and  so  vast  a  quantity  of  depositing  mat- 
ter can  not  fail  to  remove  a  very  considerable  percentage  of  the  bac- 
teria that  are  daily  brought  into  the  settling  basins.  As  time  goes 
on,  the  history  of  the  Missoiu-i  will  become  the  same  as  the  history  of 
every  other  stream  on  whose  shores  the  hand  of  man  has  rested,  and 
while  the  total  quantity  of  water  which  that  stream  will  deliver  from 
year  to  year  will  remain  about  the  same  as  now,  the  amount  during 
periods  of  drought  will  be  decidedly  less  and  larger  portions  of  the 
tiischarge  will  be  gathered  in  a  few  floods.  The  result  of  this  on  the 
water  mingling  to  form  the  supply  of  St.  Louis  will  be  that  in  the  future 
Missouri  River  will  show  a  diminution  in  the  percentage  which  it 
represents  of  the  total  flow  of  Mississippi  River  past  the  city.  It 
will  therefore  follow  that  the  amount  of  silt  furnished  by  Missouri 
River  ^ill  be  less  ai\d  less  sufficient  to  remove  from  the  mixed  water 
the  number  of  disease  germs,  even  aside  from  the  certainty  that  the 
number  of  these  germs  will  vastly  increase  as  time  goes  on.  It  there- 
fore seems  clear  that  the  pollution  of  the  waters  of  Illinois  and  Mis- 
>issippi  rivers  will  have  from  year  to  year  a  continuously  greater 
effect  on  the  healthfulness  and  quality  of  the  water  delivered  to  the 
citizens  of  St.  Louis  by  their  waterworks  system.  In  view  of  this 
fact,  together  with  the  wonderful  growth  of  the  city  of  Chicago,  there 
can  be  no  question  that  in  the  future  the  menace  to  the  health  of  St. 
Louis  arising  from  the  discharge  of  Chicago  sewage  into  Illinois  River 
will  be  much  more  tremendous  and  impending  than  it  is  at  the  present 
time,  grave  though  the  present  condition  may  be.     (2473-2477.) 
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CB06S-EXAMINATI0N. 

The  witness  stated,  in  response  to  a  hypothetical  question,  that, 
assuming  the  existence  of  an  equal  number  of  cases  of  typhoid  fever 
at  St.  Charles,  Mo.,  and  at  Omaha,  Nebr.,  and  a  subsequent  occurrence 
of  the  disease  at  St.  Louis,  he  would  attribute  the  St.  Louis  typhoid 
to  infection  from  both  points.  The  life  of  the  typhoid  bacillus  in 
streams  is  a  matter  of  time  rather  than  of  distance,  as  a  general  prop- 
osition, but  it  was  the  opinion  of  the  witness  that  no  stream  of  water 
on  the  surface  of  the  earth  flowing  in  natural  channels  is  long  enough 
to  warrant  the  absolute  assurance  that  the  typhoid  germ  might  not 
live  from  one  end  of  it  to  the  other.  If  typhoid-fever  germs  were 
discharged  into  Mississippi  River  at  St.  Paul  and  no  other  possible 
source  of  infection  of  the  waters  appeared,  they  might  arrive  at  New 
Orleans  and  infect  the  water  supply  of  that  city.     (2547-2549.) 

Pages  2551-2583  of  the  record  contain  the  report  of  cross-examina- 
tion directed  to  the  witness  for  the  purpose  of  ascertaining  his  reasons 
for  declaring  that  the  increase  in  the  number  of  deaths  from  typhoid 
fever  in  St.  Louis  subsequent  to  the  opening  of  the  Chicago  drainage 
canal  was  due  to  the  discharge  from  that  canal  rather  than  to  the  dis- 
charge of  sewage  from  the  numerous  cities  located  on  Missouri,  Mis- 
sissippi, and  Illinois  rivers  above  the  St.  Louis  waterworks  intake. 
The  witness  confessed  that  it  was  impossible  to  determine  by  technical 
methods  whether  the  virulent  typhoid  bacilli  entering  the  intake 
were  derived  from  the  sewage  of  one  city  or  another,  but  held  that 
such  demonstration  was  unnecessary  to  substantiate  his  claim  of  the 
culpability  of  Chicago  sewers.  Previous  to  the  opening  of  the  canal 
the  water  of  St.  Louis  could  not  be  considered  safe  at  all  times,  by 
reason  of  infected  discharges  from  city  sewers  lying  in  either  one  of 
the  streams  that  converge  above  the  intake,  but  the  records  show  that 
the  conditions  that  prevailed  during  the  years  previous  to  the  opening 
of  the  canal  had  not  been  changed  except  that  Chicago  sewage  had 
been  discharged  into  Illinois  River  through  the  drainage  canal.  If 
this  canal  had  not  been  opened  these  conditions  would  not  lead  one 
to  expect  any  material  increase  in  typhoid  mortality  in  St.  Ix)uis,  but 
the  fact  that  the  canal  had  been  opened  and  Chicago  sewage  had  been 
discharged  into  Illinois  River,  and  that  within  a  short  time  the  typhoid 
in  St.  Louis  had  increased  and  such  increase  had  been  persistent, 
demonstrated  that  the  discharge  from  the  canal  is  responsible.  In 
other  words,  the  increase  of  typhoid  fever  in  St.  Louis  must  be  due  to 
some  change  of  conditions  with  reference  to  the  pollution  of  the  St. 
Louis  water  supply,  and  the  records  of  typhoid  mortality  throughout 
the  contributing  drainage  area  above  the  St.  Louis  intake  reveal  only 
one  important  change — namely,  that  of  the  added  contribution  of 
Chicago  sewage.  Therefore  the  observed  eCFect  in  St.  Louis  must  be 
due  to  that  single  cause. 
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In  closing  his  testimony,  the  witness  stated  that  in  considering  the 
mcrease  in  the  typhoid  rate  in  St.  Louis  since  the  opening  of  the 
drainage  canal  he  had  usied  the  records  of  deaths  only.  If  the  number 
of  deaths  in  St.  I^uis  should  show  an  increase  and  the  number  of 
cases  reported  show  a  decrease  he  would  still  give  attention  to  the 
death  record  because  it  is  the  more  reliable.  He  would  never  base 
conclusions  in  a  typhoid  epidemic  on  the  number  of  cases  reported, 
because  a  man  never  dies  but  once,  and  in  the  case  of  death,  under 
the  laws  of  the  United  States,  generally  a  record  is  made  somewhere, 
whereas  a  man  may  be  sick  of  typhoid  and  no  record  of  it  appear. 
As  a  matter  of  fact,  it  is  a  rare  occiurence  for  more  than  60  per  cent 
of  the  actual  typhoid  cases  to  be  reported.  Therefore  the  case 
record  is  of  no  value.     (2588-2589.) 

TESTIMONY  FOR  BEFENBANT8. 

The  testimony  for  the  defense  was  conMnenced  on  board  the  Illinois 
fish  commission  boat  Illinois  July  13,  1903,  the  boat  proceeding  up 
Mississippi  and  Illinois  rivers  and  stopping  at  various  points  at  which 
local  testimony  was  taken.  At  each  point  where  samples  had  been 
taken  for  examination  by  the  experts  to  be  produced  in  behalf  of  the 
defendants,  the  local  collectors  testified  as  to  the  manner  of  taking 
the  samples,  identified  tags,  and  in  all  respects  established  the  identity 
of  the  samples  to  be  reported  in  subsequent  testimony.  In  addition 
lo  this  the  testimony  of  many  local  persons  living  beside  or  working 
on  the  river  was  introduced  at  each  point  for  the  purpose  of  procuring 
their  views  with  reference  to  the  condition  of  the  water  in  the  stream 
before  and  after  the  opening  of  the  drainage  canal.  As  was  stated  by 
the  counsel  for  the  defendants,  these  witnesses  were  not  offered  as 
experts  on  the  subject,  but  merely  as  laymen  who  had  lived  and 
worked  on  the  river  for  considerable  periods  and  had  had  ample 
opportunity  to  observe  the  waters  before  and  since  the  opening  of  the 
drainage  canal.  The  general  testimony  of  these  laymen  throughout 
the  course  of  the  river  was  that  in  physical  appearance  the  water  had 
wen  greatly  improved  since  the  opening  of  the  canal,  that  previously 
tiiere  had  been,  in  times  of  low  water,  a  large  abundance  of  aquatic 
TegetAtion  which  frequently  gave  off  foul  odors,  but  that  since  the 
opening  no  such  growth  had  occurred.  The  testimony  of  steamboat 
iDen  and  manufacturers  with  reference  to  the  allged  improvement  of 
the  water  for  boiler  purposes  was  also  presented,  together  with  certain 
important  testimony  concerning  the  discharge  of  industrial  wastes  into 
the  river,  which  will  be  reviewed  at  length  in  subsequent  pages.  The 
report  of  this  testimony  covers  pages  2890-3498  of  the  record,  repre- 
spnting  the  period  from  July  13  to  July  24,  during  which  time  the 
eommission  convened  at  all  important  points  along  the  river  from 
Si.  Louis  to  Henry,  111. 
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C.  G.  HERGET. 

C.  G.  Herget  was  called  as  a  witness  in  behaif  of  the  defendants  and 
testified  that  he  was  manager  of  the  Globe  distillery,  located  at  Pekin 
about  one-half  mile  from  Illinois  River.  At  this  distillery  whisk] 
was  manufactured,  90  per  cent  of  the  raw  material  being  com  and  l( 
per  cent  rye  and  malt.  The  slop,  amounting  to  40,000  gallons  foi 
each  thousand  bushels  of  grain  used,  was  stored  in  tubs  and  fed  U 
cattle.  At  this  distillery  4,400  head  of  cattle  were  kept  in  bam 
located  about  one-half  mile  from  the  river.  The  slop  was  fed  thret 
times  per  day  to  the  cattle,  about  3  pecks  per  head  at  each  feeding 
together  with  hay  or  straw  or  cotton-seed  hulls.  The  refuse  from  tb 
stables,  consisting  of  uneaten  slop  and  hay  and  the  excreted  dis 
charges  of  the  cattle,  the  latter  amounting  to  about  4  or  5  gallons  pe 
animal  per  day,  was  washed  from  the  stable  into  drains  and  deposit^^ 
in  the  river,  where  in  low  and  medium  stages  of  the  stream  it  formed  i 
sort  of  island,  composed  principally  of  manure,  hay,  straw,  an< 
refuse.  During  high  water  this  island  was  cast  loose  and  went  float 
ing  down  the  river.     (3325-3331.) 

PETER  CASEY. 

Peter  Casey  testified  that  from  1895  to  1901  he  was  manager  c 
four  distilleries  in  Peoria,  belonging  to  what  is  known  as  the  whisk; 
trust,  and  from  June,  1901,  to  the  date  of  the  testimony,  had  be© 
manager  of  the  Corning  Distilling  Company.  Between  1895  and  190 
from  12,000  to  20,000  cattle  were  fed  in  Peoria  in  a  manner  similar  t 
that  described  in  the  testimony  of  C.  G.  Herget.  By  1901  and  190 
the  number  of  cattle  fed  had  dropped  to  about  8,000.  All  the  wast 
slop  and  excrementitious  matter  from  the  cattle  was  discharged  int 
the  river.  The  matter  would  accumulate  along  the  banks  for  indef 
nite  periods  until  high  water  washed  it  away,  when  it  would  floi 
down  the  stream  in  large  islands,  one  of  which  was  too  large  to  pas 
between  the  piers  of  the  Pekin  bridge  and  it  was  necessary  to  break  i 
up  in  onler  that  it  might  continue  on  its  course. 

The  witness  stated  that  during  recent  years  there  had  been  a  larg 
diniinution  in  the  number  of  cattle  fed  at  Peoria,  because  of  the  fac 
that  under  the  contract  it  was  necessary  to  feed  the  cattle  for  a  perio 
of  nine  numths.  This  made  it  necessary  for  them  to  continue  th 
manufacture  of  liquor  whether  there  was  a  demand  for  the  goods  o 
not,  and  they  found  that  there  was  a  li^ss  in  storing  high-proof  spirit 
not  in  demand,  which  more  than  compensated  for  the  small  amoim 
of  pn>tit  aironliHl  by  the  kivping  of  cattle.  This  diminution  woul< 
pn^bably  iHmlinue  Ihvhus**  of  the  gn^wth  of  the  custom  of  drying  th 
slop  by  evaiH^ratiou  and  selling  it  for  e:xport,  (3509-3517,  3540 
3544.)* 
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ADOLPH  WOOLNER.  JR. 

Adolph  Woolner,  jr.,  for  nine  years  manager  of  the  Atlas  distillery, 
which  has  a  capacity  of  7,500  bushels  in  twenty-four  hours,  testified 
that  there  had  been  as  many  as  40,000  head  of  cattle  fed  in  PSbria  at 
one  time,  but  at  the  date  of  testimony  about  10,000  were  being  fed  at 
Peoria  and  from  5,000  to  8,000  at  Pekin.  It  was  the  aim  to  feed,  about 
a  bushel  of  distillery  waste  per  animal  per  day,  equivalent,  according 
io  the  witness,  to  about  400  pounds.  Based  on  this  weight,  an  animal 
would  consume  98,400  pounds  of  slop  in  two  hundred  and  forty  days. 
A  steer  will  gain  in  eight  months  an  average  of  400  pounds  in  weight. 
The  witness  figured  that  the  excretions  would  amount  to  98,000 
pounds,  or  for  the  entire  year  120,000  pounds;  therefore  the  discharge 
from  40,000  head  of  cattle  would  be  2,400,000  tons  per  year,  and  that 
from  10,000  cattle,  the  munber  fed  at  the  date  of  testimony,  would 
be  600,000  tons,  so  that  the  amoimt  of  pollution  from  the  Peoria 
cattle  sheds  will  vary  between  these  two  Hmits.     (3689-3692.) 

ISHAM   RANDOLPH. 
DIRECT   EXAMINATION. 

Isham  Randolph,  chief  engineer  of  the  sanitary  district  of  Chicago, 
was  called  as  a  witness  on  behalf  of  the  defendants,  and  stated  that  his 
engineering  experience  began  in  1868,  when  he  entered  the  service  of 
the  Baltimore  and  Ohio  Railroad  as  axman.  From  that  time  until 
1S80  he  performed  engineering  services  for  various  railroads,  and  then 
became  chief  engineer  of  the  Chicago  and  Western  Indiana  Railroad 
and  the  Belt  Railway  of  Chicago,  remaining  in  that  position  four 
years.  During  the  next  two  years  he  maintained  an  office  for  general 
engineering  work  in  Chicago,  and  in  1886  entered  the  service  of  the 
DKnois  Central  Railroad  and  built  the  Chicago,  Madison  and  North- 
ern and  the  Freeport  and  Dodgeville  railroads.  In  1888  he  returned 
to  private  practice  and  was  consulting  engineer  for  various  roads  until 
1893,  when  he  was  elected  chief  engineer  of  the  sanitary  district  of 
Chicago,  holding  this  position  at  the  date  of  the  testimony.  The 
duties  of  this  office  involve  responsibility  for  all  work  coming  under 
the  term  engineering,  the  preparation  of  plans  and  forms  of  contract, 
wid  the  enforcement  of  contracts  in  connection  with  construction. 
^6607-6609.) 

The  witness  then  described  the  condition  of  Chicago  River  from 
1880  until  the  opening  of  the  drainage  canal,  and  gave  an  outline  of 
the  sewerage  system  of  Chicago  and  the  effect  of  its  discharge  on 
Chicago  River  and  Lake  Michigan.     (6609-6613.) 

The  Illinois  and  Michigan  Canal  was  then  described,  the  witness 
^ting  that  it  was  commenced  in  1836  and  completed  in  1848.     It 
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extends  from  the  south  fork  of  South  Branch  of  Chicago  River  in 
a  southwesterly  du*ection  across  the  divide  between  the  drainage 
areas  of  Lake  Michigan  and  IlUnois  River  to  Peru,  111.,  a  distance  of 
about  96  miles.  The  original  canal  had  a  navigable  depth  of  about 
5  feet  and  a  width  of  about  6  feet.  The  locks  were  110  feet  long  and 
18  feet  wide.  Since  1884  the  ''summit  level,'^  or  the  29-mile  stretch 
of  the  canal  extending  from  Chicago  River  to  Lockport,  had  been 
supplied  with  water  from  Chicago  River  by  pumi>s  located  at  Bridge- 
port, in  the  city  of  Chicago.  These  pumps  were  supposed  to  have  a 
capacity  of  60,000  cubic  feet  per  minute,  but  they  did  not  accomplish 
this,  and  in  practice  the  capacity  ranged  between  45,000  and  50,000 
cubic  feet.  At  some  seasons  of  the  year  the  supply  of  water  from 
Desplaines  River  was  very  small,  and  the  canal  was  almost  wholly 
dependent  on  the  Bridgeport  pumps.  This  water  came  partly  from 
the  stock  yards  branch  and  partly  through  South  Branch  of  Chicago 
River  from  Lake  Michigan.  It  flowed  thro\igh  the  ''summit  level" 
at  a  velocity  of  about  1  mile  per  hour,  and  was  a  black  liquid  of  verj 
foul  odor.  The  water  in  the  two  pools  at  Joliet  was  as  bad  as  that 
in  the  canal  proper  at  some  seasons  of  the  year,  when  Desplaines 
River  was  low,  because  of  the  small  amount  of  dilution.     (6613-6616.) 

The  following  statements  with  reference  to  the  drainage  canal  wen 
then  made  by  the  witness:  This  canal  was  the  outcome  of  Chicago*! 
necessities.  The  conditions  affecting  her  water  supply,  owing  U 
sewage  pollution  in  Chicago  River  and  the  lake,  had  become  steadil] 
worse  from  the  days  when  the  city  began  to  grow.  Finally  a  crisi 
was  reached,  and  the  city  council  authorized  the  appointment  of  ai 
expert  commission  to  determine  on  a  solution  of  the  difficulties,  h 
January,  1886,  the  commission  was  appointed,  consisting  of  Rudolpl 
Hering,  Benezette  Williams,  and  Samuel  J.  Artingstall,  and  as  i 
result  of  its  labors  the  State  legislature  in  1889  passed  the  sanitary 
district  law,  under  which  a  board  of  nine  trustees  was  elected.  Thi 
board  adopted  the  project  for  a  waterway  from  Chicago  to  Lock 
port,  which  finally  resulted  in  the  construction  of  the  drainage  canal 
It  follows  the  general  location  of  the  old  Illinois  and  Michigan  Canal 
connecting  with  the  west  fork  of  South  Branch  of  Chicago  River  a 
Robey  street,  Chicago,  and  discharging  into  Desplaines  River  at  Loch 
port.     (6616-6617.) 

The  first  7  or  8  miles  of  the  canal  is  through  a  clay  formation  whic 
is  easily  dredged,  and  the  cross  section  here  is  less  at  present  than  i 
will  be  ultimately.  It  is  110  feet  wide  on  the  bottom,  the  side  slope 
being  1  foot  vertical  to  2  feet  horizontal,  giving  a  surface  width  of  19 
feet  with  a  minimum  depth  of  water  of  22  feet.  Beyond  this  cla 
stretch  a  glacial  drift  was  encountered  which  could  not  be  dredgec 
In  this  material  the  canal  was  made  full  size,  namely,  202  feet  wide  o 
the  bottom,  with  side  slopes  of  2  feet  horizontal  to  1  foot  vertical, 
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surface  width  of  water  of  290  feet,  and  a  maximum  depth  of  22  feet. 
The  canal  continues  of  this  size  for  5.3  miles  to  Willow  Springs,  where 
rock  was  encountered.  From  this  point  to  the  outlet  at  Lockport  the 
channel  is  either  wholly  in  rock  or  underlain  by  rock.  The  width  of 
the  canal  contracts  at  this  point  to  160  feet  and  the  grade  is  increased 
from  1  foot  in  40,000  feet  to  1  foot  in  20,000  feet.  The  length  of  canal 
having  this  cross  section  is  14.95  miles.  Through  7  mDes  of  this  dis- 
tance the  sides  are  cut  practically  vertical,  and  wherever  rock  was  not 
found  at  the  surface  walls  were  built  upon  rock  foundation  to  a  height 
of  5  feet  above  Chicago  datum.     (6617-6618.) 

The  controlling  works  at  Lockport  consist  of  seven  gates  of  the 
Stoney  type  and  the  Bear  Trap  dam.  The  gates  have  an  opening  of 
32  feet  and  operate  under  a  maximum  pressure  of  62,000  pounds.  The 
Bear  Trap  dam  is  a  structure  which  can  be  raised  or  lowered  and  is  in 
active  use  for  regulating  the  flow  from  the  canal,  the  gates  being  sel- 
dom required.  The  dam  is  the  largest  structure  of  the  kind  ever 
attempted,  having  a  clear  waterway  of  160  feet  with  a  possible  oscilla- 
tion of  17  feet.  The  essential  parts  of  the  dam  were  then  described 
by  the  witness,  who  stated  that  it  was  lowered  and  the  water  first 
turned  into  Desplaines  River  January  17,  1900,  at  11.05  o^clocka.  m. 
(6618-6621.) 

The  witness  then  described  the  bridges  erected  across  the  canal  and 
the  improvement  of  Chicago  River  and  the  Desplaines  River  channel 
below  the  foot  of  the  canal  at  Lockport.  The  cost  of  the  construction 
up  to  the  date  of  the  testimony  was  stated  by  the  witness  to  be 
$42,503,168.     (6619-6624.) 

The  original  sanitary  district  included  all  of  Chicago  north  of  Eighty- 
seventh  street  and  42  square  mDes  of  coimtry  lying  directly  west  of 
that  portion  of  the  city,  embracing  in  all  185  square  miles.  In  1903 
the  legislature  of  Illinois  passed  an  act  extending  the  boundaries  of  the 
sanitary  district  by  adding  78.6  square  miles  of  territory  on  the  north, 
known  as  the  north-shore  district,  and  94.5  square  miles  on  the  south, 
known  as  the  Calumet  district.  The  district  now  includes  all  of  the 
city  of  Chicago,  and  ultimately  the  sewage  from  this  entire  area  will  be 
discharged  into  the  drainage  canal,  which  at  that  time  will  be  widened 
so  that  it  will  have  a  discharge  capacity  of  825,000  cubic  fe«t  per  min- 
ute.    (6624-6625.) 

The  witness  then  stated  that  the  total  population  of  the  sanitary 
district  was  1,942,000.  In  connection  with  the  sewerage  of  the  south- 
em  district  it  was  proposed  to  reverse  the  flow  of  Calumet  River  by 
(^onstructing  a  channel  from  Little  Calumet  River  near  Blue  Island 
southwestward  through  what  is  known  as  Sag  Valley  to  the  drainage 
canal  at  or  near  Sag  Bridge  station  on  the  Chicago  and  Alton  Railroad. 
This  channel  will  prevent  the  discharge  of  Calumet  River  into  Lake 
Michigan  at  all  times  except  in  excessive  floods.     On  the  north  it  is 
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proposed  to  extend  North  Branch  of  Chicago  River  as  far  as  Evanston 
and  make  a  connection  with  Lake  Michigan  at  that  point.  It  will  be 
impossible  to  secure  a  gravity  flow  through  this  channel;  therefore 
pumping  works  will  be  erected  designed  to  lift  60,000  cubic  feet  pei 
minute.     (6627-6628.) 

The  witness  then  gave  the  maximum  and  minimum  dischai^e  of  the 
drainage  canal  during  the  years  1900-1902,  inclusive,  together  witl 
computations  of  dilution  of  sewage  and  weight  and  proportion  ol 
sewage  matter  therein.  This  information  is  included  in  Table  43 
(6629-6633.)  -  , 

Table  43. — Discharge  and  pollution  of  Chicago  drainage  canal. 


Year. 


Population  of  Chicago. 


Dally  water  consump 
tion  of  city  ( 


Total. 


1900 0  1,098,575 

1901 6  1,758,000 

1902 6  1,818,000 

I 


Dischargiiig 

sewage  into 

canal. 


Total. 


Per 
capitju 


1,443,789  322.599,630 

1,494,300  I        342,813.449 
1,545,300  358.101,710 


19 
19 
19 


Year. 


1900. 
1901. 
1902. 


Dischaige  of  channel  at  Dam  No. 
1,  from  weekly  averages  (cubic 
feet  per  minute). 


Maximum. 


351,088 
615,382 
450,328 


Minimum. 


40,481 
197,124 
244,428 


Mean. 


Quantity    j 

of  sewage 

discharged  \ 

(gallons  per 

day).« 


233,976 
277,153 
295,527 


274.209,685  ; 
291,391,432  , 
304,386,454 


Proportion 
of  sewage 

to  mean 
dtschaise 

of  canal. 


1:  9l2 
l:ia2 
l:ia4 


Proportioi 
Weight  of  of  urine 
urine  and  •  and  fecal 
fecal  mat-  matter  tc 
ter  (pounda  mean  di»- 
pcrday).  charge  of 
canaL 


3,880,183 
4.015.931  ' 
4,215,494 


l:5.fi 
1:6.21 
1:6,31 


o  Census. 


b  Estimated. 


c  Same  as  water  consumption. 


The  quantity  of  sewage  stated  in  above  table  is  determined  h] 
taking  the  amount  of  water  consumed  per  capita  in  the  city  o 
Chicago,  as  shown  by  the  reports  of  the  water  commissioner  for  th 
years  mentioned.  This  sewage  is  compared  with  the  mean  dis 
charge  of  w^ater  from  the  Illinois  and  Michigan  Canal,  the  drainagi 
canal,  and  Desplaines  River  w^here  they  come  together  at  Dam  No 
1  in  Joliet.  The  absolute  weight  of  the  urine  (40  ounces  per  capita 
and  fecal  matter  (3  ounces  per  capita)  given  in  the  table  is  based  oi 
the  testimony  of  Dr.  Ravold  and  statistics  gathered  from  othe 
sources,  and  is  compared  with  the  total  weight  of  water  discharges 
in  twenty-four  hours  from  the  three  sources  mentioned.     (6634.) 

The  i^-itness  then  presented  another  table  diflFering  from  the  pre 
ceding  only  in  the  method  of  determining  the  amount  of  sewage  p)e 
day,  which  in  this  table  is  based  on  a  clause  in  the  report  of  thi 
commission  of  hydraulic  engineers  of  St.  Louis,  dated  1902,  readin] 
a^;  follows: 

FrvHu  olv^^rvaiioit*  nuuio  ii>>Mi  water  s\*sunu5  of  oitii^  where  the  quantity  of  watt 
U5^\i  U  iniifc5ur*\i,  ii  ApjH'uri*  ihai  iu  lar^»  oitii^i  ihc  avi^ra^^  \*oluines  needed  for  domes 


TESTIMONY  OF  ISHAM   RANDOLPH. 


149 


tic,  public,  and  manufacturing  purpoees  are,  reepectively,  30  gallons,  5  gallouB,  and 
25  gallons  per  day  for  each  inhabitant,  and  that  any  supply  in  excess  of  60  gallons 
per  day  per  capita  goes  to  underground  leakage  and  unnecessary  waste. 

In  Table  44  some  of  the  data  given  in  Table  43  are  repeated  for 
convenience  of  reference,  and  the  quantity  of  sewage  is  based  on  a 
water  consumption  of  60  gallons  per  capita  per  day.     (6636-6637.) 

Table  44. — Pollution  of  Chicago  drainage  canai. 


I  Discharge  of  channel  at  Dam  No. 
j      "opu-     I      1,  from  weekly  averages(cubie 
lationdis-i      feet  perra^ute). 
Year.  charging  I  *^ 

sewage  into  _   

thecanaL 

Ifaximmn.   Minimum. 


WOO. 1,443,780 

im I     1,«4,300 

1902, '     1,545,300 


351,068 
615,392 
450,328 


40,481 
197, 124 
244,426 


Mean. 


Suantity 
sewage 
discharged 


I  Propor- 

Propor-  I  Weight  of     tion  of 
tion  of         urine      'urine  and 
sewage  to  and  fecal  fecal  mat- 
mean    <     matter        terto 


fmdlona    I     ™*»"     I  "laiwr  ler  lo 

nfi-Hav^     discharge,  (pounds  mean  dis- 

ueraavj.    ,.f  canal.  |  per  day),  charge 

'  of  canal. 


per  day). 


233,976  86,627,340 
277,153  89,668,000 
295,527     92,718,000 


1:29.1  3,880,183  ;  1:5,429 
1:33.3  4,015,931  ,  1:6,211 
1:34.3  I     4,215,494        1:6,310 


The  witness  then  presented  Table  45,  containing  statistics  of  the 
population  of  Chicago.     (6641.) 


1890 1,099,  850 

1900 1,  698, 575 

1901 1,  758, 000 

1902 1, 818, 000 

1903 1, 878, 000 


Table  4b.— Population  of  Chicago,  184O-190S. 

1840 4,470 

1850 29,963 

1880 112,172 

IKTO 298,977 

1880 503,185 

The  figures  for  1840  to  1900,  inclusive,  are  from  the  census  reports; 
those  for  1901  to  1903,  inclusive,  are  estimated.  The  proportion 
of  the  population  discharging  into  the  drainage  canal  was  stated  to 
be  87  per  cent  by  the  Federal  census  of  1890;  84  per  cent  by  the 
school  census  of  1898,  and  85  per  cent  by  the  present  estimates,  as 
shown  in  Table  43. 

The  amount  of  sewage  discharged  per  day  was  reiluced  to  terms  of 
gallons  and  cubic  feet  per  minute,  as  follows: 


Table  46. — Sewage  discharged 

into  € 

Irainage  canal. 

Year. 

Gallons  per 
day. 

Gallons  per 
minute. 

190,423 
202,355 
211,379 

Cubic  feet 
minute. 

\m 

274,209,685 
291,391,432 
304,386,454 

25,458 

.m.  ,         

27,053 

;9(Q 

28,259 

The  witness  presented  another  table  showing  the  amount  of 
excreta  of  100,000  persons  per  year,  and  subsequently  discussed 
the  same  with  reference  to  the  drainage  canal  and  the  dilution  therein. 
(6644-6645.) 

He  then  presented  Table  47,  showing  the  niunber  of  inhabitants 
uid  estimated  pollution  of  Illinois  River  basin.     (6646.) 
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Table  47. — Pollution  of  Illinois  River. 


Drainage  basin. 


Desplaines  River 

Dupage  River 

Kanlcalcee  River 

Fox  River 

Vermilion  River 

Mackinaw  River 

Spoon  River 

Sangamon  River 

Croolced  Creek 

McKees  Creek 

Macoupin  Creek 

Illinois  River  (directly  j 
Peoria  industries 


Area 
(square 
mfles). 


1,758 


Popula- 
tion (cen- 
sus of  1900). 


Urban  pop- 
ulation 
(towns  of 
1,000  and 

over).  1900. 


I 


5,302 
2,097 
1,413 
1,182 
1,905 
5,502 
1,286 


1,000 


124,855 
21,704 

192,226 

175,353 
68,601 
47,296 
81,782 

303,096 
54,574 
16.461 
46,362 

379,077 


70,748 
6,851 
44,681 
81,743 
27,631 
10,924 
28,519 

133,632 
14,344 
5,624 
15,778 

177,189 


Estimated  wa| 


Gallons  per  da] 
Tota 


Total. 


The  discharge  of  the  Illinois  is  estimated  as  follows 
Discharge  of  Illinois  River. 


1,511.387  617,664  65wT     55,614.0 


iCHie^ 


Diachaiige  of  Illinois  River  at  Kampeville  October  20,  1891  (according  U 

United  States  engineers) 

Less  discharge  of  Illinois  and  Michigan  Canal 

Natural  discharge  of  river  at  Kampsville , 

Add  for  basin  of  Macoupin  Creek 


Natural  discharge  of  Illinois  River. 


The  sewage  produced  by  the  urban  population,  based 
supply  as  shown  in  table,  is  85.72  cubic  feet  per  second, 
reduced  to  a  basis  of  60  gallons  per  capita  per  day,  57.19  c\ 
per  second.     Dividing  1,000,  the  natural  discharge  of  the 
57.19,  the  amount  of  sewage,  gives  a  ratio  of  pollution  of  I  t^ 
as  against  the  drainage- canal  pollution  of  1  to  34.3. 

After  discussing  the  items  in  the  above  table  the  witness 
that  his  conclusion  was  that  the  ratio  of  pollution  in  Illinou 
due  to  the  urban  and  rural  population  naturally  draining  into  it 
exclusive  of  all  sewage  coming  from  Chicago,  was  greater  tl 
present  ratio,  resulting  from  the  combination  of  this  natural 
with  the  discharge  from  the  drainage  canal.  The  discharge 
canal  being  omitted,  the  proportion  of  pollution  to  diluting 
1  to  17.48,  whereas  the  proportion  in  the  canal  (see  Table  44) 
34.3.     (6647-6648.) 

The  witness  then  described  and  discussed  the  physical  chara 
tics  of  Desplaines  and  Illinois  rivers  throughout  the  length  olj 
channels.  (6650-6651.) 
^  He  then  presented  a  map  showing  the  population  of  the  dr 
areas  of  Illinois,  Mississippi,  and  Missouri  rivers  above  St.  Lot 
stated  that  the  population  of  the  Illinois  basin,  exclusive  of  CI 
was  599,751,  and  with  Chicago  included,  2,298,326;  of  the  Missi 
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basin  above  Grafton,  1,839,586,  and  of  the  Missouri  basin  above  the 
mouth  of  the  river,  1,650,594,  giving  a  total  population  above  St. 
Louis  of  5,788,506.     (6653-6655.) 

The  witness  then  entered  into  a  detailed  discussion  of  river  flow 
and  gaging,  covering  all  the  streams  above  mentioned.  (6655-6667.) 
He  introduced  into  evidence  a  profile  of  the  entire  waterway  from 
Lake  Michigan  to  Cairo,  IlL,  which  is  reproduced  herewith  as 
PL  II. 

The  witness  then  described  some  float  measurements  made  for  deter- 
mining the  velocity  of  the  river  from  Chicago  to  St.  Louis.  Wooden 
balls  were  put  in  the  river  at  Lake  street  and  allowed  to  float  down  to 
Robe\^  street,  a  man  following  in  a  boat  to  ascertain  the  time  required 
in  transit.  From  Robey  street  to  Lockport  the  velocity  was  com- 
puted from  the  known  volume  and  cross  section.  From  Lockport 
to  St.  Louis  floats  were  used  of  the  same  general  character  as  those 
described  in  the  testimony  of  Mr.  Van  Omum.  These  floats  were 
followed  throughout  the  distance,  part  of  the  time  on  shore,  because 
a  boat  could  not  be  taken  through  the  rapids.  They  were  kept  going 
night  and  day  except  when  accidents  of  any  kind  stopped  the  work; 
on  such  occasions  they  were  taken  out  and  the  time  noted.  Through 
the  rapids  wooden  balls  were  substituted  for  the  floats.  The  river 
at  the  time  of  this  measurement  was  at  a  fairly  full  stage,  somewhat 
above  that  which  might  be  called  the  mean  stage,  but  not  anything 
like  a  maximum  flood  flow.  The  results  are  contained  in  Table  48. 
(6667-6670.) 

Table  48. — Results  of  float  measurements  fr<ym  Lake  Michigan  to  St.  Louis. 

Interval. 


Days.  h.  ■ 

Ute  ftreet  to  Robey  street 0     5 

Somniit 5 

WJlow  Springs 7 

f'cntroUing  works 18 

Joliet 1 

UkeJoliet 1 

Throagb  LakeJolJet 2 

Kuik&kee  cut-off 3 

Morris 8 

Saiec* 7 

MftTsdUea 6 

muwa 3 

I'tic* ;  5 

Pfra 5 

Hwiry  dam 1     0 

Ucon 8 

Peoria 2    21 

Pekin 10 

Copperas  Creek  dam 13 

Havana 14 

Uoderbach 15 

Fmlerick 10 

Beardstown 1 

Ugrsogedam 10 

GriggsTille •. 12 

P^mT IG 

Kimpsvillc  dam* 12 

Hirdm 12 

Hwflers 10 

Gnft4in 17 

Alton 7 

Jfefchanta'  Bridge 6 

K«di  Bridge 


. 

Corrected 
terval 

in- 

Fotal  time. 

m. 

n-t 

m. 

Days 

h. 

m. 

"T3 

30 

52 

0 

6 

52 

42 

5 

42 

12 

32 

.5 

22 

7 

22 

19 

54 

.8 

54 

18 

54 

1 

14 

48 

1.6 

58 

2 

28 

1 

17 

16 

1.7 

24 

1 

45 

1 

19 

1 

1.8 

15 

2 

49 

21 

50 

1.9 

40 

4 

;i5 

2 

2 

25 

2.1 

U 

10 

14 

2 

12 

39 

2.5 

i-i 

9 

41 

2 

22 

20 

2.95 

45 

8 

26 

3 

6 

46 

a3 

2.5 

4 

16 

3 

11 

2 

a45 

55 

7 

24 

3 

18 

26 

a  76 

:i0 

6 

52 

4 

1 

18 

4.05 

31 

1      ft 

39 

5 

7 

57 

5.35 

48 

0 

5 

18 

57 

5.8 

15 

3    14 

34 

9 

9 

31 

9.4 

2 

12 

32 

9 

22 

3 

9.9 

43 

17 

9 

10 

15 

12 

ia65 

31 

18 

9 

11 

9 

21 

11.4 

36 

18 

4;^ 

12 

4 

4 

12.16 

0 

12 

30 

12 

16 

34 

12.7 

58 

2 

22 

12 

18 

56 

12.8 

24 

13 

0 

13 

7 

56 

ia35 

53 

16 

6 

14 

0 

2 

14 

52 

21 

5 

14 

21 

7 

14.9 

52 

16 

5 

14 

13 

12 

15.65 

44 

15 

55 

16 

5 

7 

16.2 

24 

13 

0 

16 

18 

7 

16.76 

47 

22 

14 

17 

16 

21 

17.7 

40 

9 

35 

18 

1 

66 

l&l 

51 

8 

34 

18 

10 

30 

1&4S 

58 

1 

10 

18 

11 

40 
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Coimsot  for  the  defense  then  directed  the  attention  of  the  H 
to  varioiL^  reports  mftde  hy  the  heahh  commissioner  of  the  citj  < 
Louis,  together  with  tlie  resolutions  adopted  by  the  city  coima 
a  draft  of  a  bill  introduced  in  Congress^  all  relating  to  the  mat) 

pollution  of  St,  Louis  wfttf*r  supply  by  the  ofHuent  from  Illinois  I 
(6672-6688,) 

r  ROSS-EX  AJtf  IN  ATION, 

The  crossr-exaniination  of  this  witness  brought  out  no  oew  hi 
opinions, 

RUDOLPH  HERINQ. 
DIHECT    EXAMINATION. 

Rudolph  lie  ring,  a  witness  called  in  behalf    of    the  defend 

qualified  as  an  expert  by  making  the  following  statements:  He 
a  member  of  the  firm  of  hydraulic  and  sanitary  enrrineen*  compiM 
Rudolph  Hering  and  George  W.  Fuller.  He  took  the  course  iB 
engineeriJig  at  Dresden,  Geniiany,  in  1867,  and  after  retumi 
Ajiieriea  began  his  engiiieerbig  work  at  Brooklyn,  on  Prospect  i 
and  then  went  to  Philadelpbiaj  on  Fairmont  Park.  From  IS 
1880  he  was  first  assistant  engineer  in  charge  of  brides  and  m 
in  Philadelphia,  and  m  the  latter  year  was  conunissioned  bj 
national  board  of  health  to  examine  nnd  report  on  Euro|>eana 
age  systems.  Since  that  time  he  had  been  consulting  enginee 
the  waterworks  and  sewerage  systems  of  many  cities,  incli 
Philadelphia,  Cleveland,  Chicago,  New  York,  Baltimore,  NewOrl( 
and  Washington.      (6975-6078.) 

The  witness  stated  that  in  March,  1886,  he  was  engaged  as  i 
engineer  of  the  drainage  and  water-supply  commission  of  the  cii 
Chicago,  and  in  that  capacity  nnide  investigations  with  referenc 
obtaining  pure  water  and  scientific  drainage  for  the  city.  A 
liminary  j-eport  was  made  in  January,  1887,  giving  the  general 
elusions  which  had  been  reached  up  to  that  time.  The  witness 
read  a  part  of  this  report,  which  appears  in  the  record  of  testiiii 
pages  6980  to  6990.  Commenting  on  the  facts  and  condition 
which  the  conclusions  were  based,  the  witness  stated  that  the  pi 
sition  was  somewhat  novel,  and  that  in  order  to  reach  a  safe  coiuli 
in  regard  to  the  size  and  other  conditions  for  the  proposed  drai 
canal  it  was  necessary  for  him  to  study  all  the  facts  bearing  or 
subject  which  could  be  ascertained  both  in  Europe  and  Xmc 
lie  found  at  the  outset  that  the  ])roblem  of  water  pollution 
distinct  from  that  of  setting  up  a  standard  of  purity  based  on 
minimum  allowable  proportion  of  sewage.  If  the  water  is  to  be 
for  drinking,  it  should  evidently  be  considered  in  a  different  light 
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if  mere  inoflfensiveness  were  required.  The  question  was  very  differ- 
ent at  that  time  from  what  it  is  at  the  present  day,  and  the  best 
infonnation  available  was  afforded  by  the  observations  of  Dr.  John 
Rauch,  secretary  of  the  State  board  of  health  of  Illinois,  who,  in  making 
investigations  on  the  gradual  change  of  the  water  of  the  old  Illinois 
and  Michigan  canal  after  it  entered  Illinois  River,  had  fixed  a  imit  of 
flow  of  water  equal  to  180  cubic  feet  per  minute  for  every  thousand 
persons  draining  into  the  river  at  Chicago  as  sufficient  to  obviate  any 
substantial  injury  to  the  water.  From  the  results  of  other  investiga- 
tions made  by  the  witness,  he  concluded  that  the  Chicago  drainage 
canal  should  have  a  sufBcient  capacity  to  carry  water  at  the  rate  of 
240  cubic  feet  per  minute  for  each  thousand  persons.  With  reference 
to  the  subject  of  dilution  in  the  above  connection,  the  witness  stated 
that  if  the  foul  water  of  a  community  is  to  enter  a  stream  used  for 
drinking  purposes,  it  is  imperative  to  purify  either  the  water  or  the 
sewage,  but  if  such' stream  is  not  used  for  water  supply  so  complete  a 
purification  may  not  be  required,  as  it  is  then  necessary  merely  to 
prevent  a  nuisance.  It  is  impossible  to  prevent  all  disease  germs  from 
going  into  a  watercourse.  The  rain  falling  on  the  streets,  fields,  and 
forests  and  discharging  into  the  streams  must  carry  along  the  dust  of 
the  air  and  of  the  ground  and  myriads  of  bacteria,  including  disease 
germs.  Parts  of  the  intestinal  discharges  of  animals,  birds,  and 
msects  must  also  be  washed  in,  and  altogether  much  injurious  matter 
is  carried  into  watercourses  by  the  rain;  therefore,  inasmuch  as  it  is 
impossible  to  prevent  river  pollution,  all  surface-water  supplies  must 
be  purified.     (6990-6993.) 

After  the  report. of  the  drainage  and  water-supply  commission  was 
published,  the  Massachusetts  State  board  of  health  made  some  investi- 
gations, and  from  this  information  the  witness  had  compiled  Table  49, 
which  he  then  presented.     (6995.) 
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Table  49. — CaUuIaUd  composition  of  sewage  cf  different  degrees  of  dilution  in  a  runrdn^ 


Amoant  of  flowing 


Composition  ol  fewage  (parts  per 
100,000). 


60 
70 

80 
90 
100 
120 
150 

aoc 

250 
300 

323 
616 


Fr»- 


DInotved 

.\lbumi-       solids, 
nold. 


Remarks. 


Chlorine. 


0.082 
.077 
.003 
.106 
.124 
.140 
.155 
.186 
.232 
.310 
.38S 
.465 
.5 

1 

1.5 

2 


1.292 


4.50 
3.60 
3.00 
2-57 
2.25 
2.00 
1.80 
1.50 
1.30 
.90 

!eo 

.5V» 
.2790 
.1800 
.13S6 


0.90 


.60 
.52 
.45 
.40 
.36 
.30 
.24 

-IS    : 

.14 

.12 

.114 

.0657  , 

.0571 

.0278 


2.5 

1,615 

.1116 

.0223 

3 

1,938 

.0186 

4 

2.584 

.0697 

.0139 

5 

3,230 

.0558 

.0111 

6 

3,876 

.0465 

.0093 

7 

5,522 

.0399 

.0080 

65.4 

12.6 

52.3 

10.1 

45.3 

8.4 

37.4 

7.2 

32.7 

6.3 

29.1 

5.6 

26.2 

5.0 

21.8 

4.2 

17.4 

3.4 

13.1 

2.5 

10.5 

2.0 

8.7 

1.7 

8.10 

1.56 

4.05 

.78 

2.70 

..52 

2.02 

.39 

1.62 

.31 

1.35 

.26 

1.01 
.81 
.67 
.58 


.19 
.16 
.13 
.11 


Dilution  is 
offensive. 


8 

5J68 

.0349 

.0070 

.51 

.10 

9 

5.814 

.0310 

.0062 

.45 

.09 

10 

9,463 

.0279 

.0056 

.40 

.08 

1          15 

9,694  , 

.0186 

.0037 

.27 

.05 

DUution  is 

20 

12.926 

-0139 

.0028 

.20 

.04 

not  of- 

30 

19.389 

.0093  < 

.0019 

.13 

.03 

fensive. 

40 

25.832 

.0070 

.0014 

.10  j 

.02 

50 

32.315 

.0056 

.0011 

.06 

.02 

100 

1 

64,630 

.0028 

.0006 

.04  1 

.01 

In  discussing  the  above  table,  the  >\dtness  stated  that  in  applyinj 
the  factors  it  is  necessary  to  take  into  consideration  each  specifi 
case,  because  no  single  rule  applies  to  the  great  differences  foun< 
in  streams.  He  called  attention  to  the  two  lines  drawn  across  th 
table.  Above  the  upper  line  conditions  are  indicated  where  the  dilu 
tion  is  in  all  cases  offensive;  below  the  lower  line  the  dilutions  expresses 
have  never  been  found  to  give  offense;  between  the  two  lines  the  con 
ditions  are  debatable,  and  it  is  the  duty  of  the  engineer  to  select  betweei 
these  limits  that  dilution  that  conforms  to  local  conditions.  In  con 
nection  with  the  drainage  canal  he  had  adopted  the  standard  of 
cubic  feet  per  second  per  thousand  persons,  because  in  the  state  o 
knowledge  at  that  time  he  did  not  feel  justified  in  recommending  a  les 
dilution.  Subsequently,  the  amount  was  reduced  to  3.33  feet  pe 
thousand  persons,  and  on  that  basis  the  canal  was  constructed.    (  6996. 

The  witness  then  presented  Table  50,  based  on  population  and  flot 
of  the  drainage  canal,  showing  approximate  dilutions.     (6997.) 
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Table  50. — Flow  of  drainage  canal. 


Year. 


Maximum. 
Population  _     

'"«wiS'*    cubic  feet, 
sewa^       per  minute, 
weekly 
average. 


Minimum. 


into  tne 


-I- 


1900 1,443,789 

1»1 1,494,300 

im 1,545,300 

I 


351,088 
615.392 
450,328 


Cubic  feet  Cubic  feet  Cubic  feet 
per  second  per  minute,  per  second 
per  1 ,000  in-'  weekly  !per  1 ,000  in- 
nabitants.  ^   average,     nabitants. 


4.05 
6.86 
4.85 


40,481 
197, 124 
244,426 


0.46 
2.19 
2.63 


Mean. 


Cubic  feet 

per  minute, 

weekly 

average. 

233,976 
277,153 
295,627 


Cubic  feet 
per  second 
per  1,000  in- 
habitants. 


2.70 
3.09 
3.18 


The  witness  then  stated  that  m  figuring  out  the  matter  of  dilution 
he  had  considered  first  the  habitations  and  cities  which  he  along  the 
drainage  canal  and  Desplaines  and  Illinois  rivers,  in  front  of  which 
the  water  was  to  pass.  As  the  dilution  would  become  greater  by 
the  inpourings  of  the  tributaries  of  these  rivers,  it  was  to  be  presumed 
that  what  would  be  a  satisfactory  dilution  in  the  canal  would  be  still 
more  satisfactory  with  the  greater  dilution  below.  The  advances 
made  in  the  subject  of  sewage  disposal  since  his  recommendations 
had  not  changed  his  views  concerning  the  Chicago  problem,  and  were 
he  to  make  another  recommendation  it  would  be  practically  the 
same  as  that  which  had  been  carried  out.     (6998-7000.) 

The  witness  then  introduced  a  chart,  entitled  **  Schematic  repre- 
sentation of  the  self-purification  of  the  waters  of  Missouri,  Mississippi, 
and  Illinois  rivers,  between  points  indicated,  based  on  the  length  of 
life  of  the  typhoid  bacillus  as  fixed  by  experiments  made  under  the 
direction  of  Hiram  F.  Mills.' '  This  chart  contained  profiles  of  Mis- 
souri, Mississippi,  and  Illinois  rivers  above  St.  Louis,  and  the  witness 
pointed  out  that  the  Missouri  is  the  steepest  of  the  three,  falling  from 
Omaha,  at  an  elevation  of  960  feet,  to  St.  Louis,  at  an  elevation  of 
380  feet  above  sea  level ;  the  Mississippi  falls  from  Minneapolis,  at  an 
elevation  of  794  feet,  to  380  feet  at  St.  Louis;  the  Illinois  and  the 
drainage  canal  fall  from  an  elevation  of  578  feet  at  Lake  Michigan  to 
400  feet  at  Grafton  and  finally  to  380  feet  at  St.  Louis.  The  distance 
from  Omaha  or  Minneapolis  to  St.  Louis  by  water  is  about  680  miles 
and  that  from  Lake  Michigan  to  St.  Louis  by  water  is  about  400 
miles.  Therefore  it  will  be  seen  that  the  velocity  of  Missouri  River 
is  the  greatest  of  the  three  and  that  the  Illinois  is  the  flattest  and 
has  the  lowest  velocity.  The  chart  also  presented  certain  deductions 
made  on  the  basis  indicated  in  the  title,  namely,  the  longevity  of  the 
typhoid  bacillus  as  determined  by  Hiram  F.  Mills.  In  Mills's  report 
it  is  attempted  to  prove  whether  typhoid  germs  would  survive  in  Mer- 
rimac  River  water  at  the  low  temperature  of  the  month  of  November 
long  enough  to  pass  from  the  Lowell  sewers  to  the  service  pipes  in 
Lawrence.  A  series  of  experiments  were  made  by  the  Massachusetts 
State  board  of  health  by  inoculating  water  from  the  service  pipe  with 
typhoid-fever  germs,  keeping  the  water  in  a  bottle  surrounded  by  ice, 


156  POLLUTION   OF   RIVERS   BY   CHICAGO  SEWAGE. 

and  each  day  taking  out  1  c.  c.  and  determining  the  number  of 
typhoid  organisms.  The  number  continually  decreased,  but  some 
survived  about  twenty-four  days,  as  follows: 

Number  of  typhoid-fever  germs  surviving  in  water  at  about  freezing  point. 


First  day 6, 120 

Fifth  day 3,100 

Tenth  day 490 


Fifteenth  day 100 

Twentieth  day 17 

Twenty-fifth  day 0 


The  ordinates  of  the  curves  presented  on  the  chart  represented  the 
relative  number  of  typhoid  bacilli  still  living  at  the  various  points 
indicated,  it  being  assumed  in  the  absence  of  other  information  that 
the  number  of  germs  is  directly  proportional  to  the  population.  So 
far  as  the  average  flow  of  water  is  concerned,  Chicago  is  about 
eighteen  and  one-half  days  distant  from  St.  Louis,  Kansas  City  six 
and  three-fourths  days,  Omaha  eleven  and  six-tenths  days,  and  Min- 
neapolis and  St.  Paul  are  about  fifteen  days.  The  conclusions  to  be 
drawn  from  the  chart  are  that  the  relative  proportions  of  typhoid 
bacilli  arriving  at  St.  I^ouis  from  populations  on  Illinois,  Missouri, 
and  Mississippi  rivers,  below  Chicago,  Omaha,  and  MinneapK)lis,  are 
about  as  13  to  96  to  107,  respectively.  These  figures  are  merely  the 
proportions.  They  indicate  the  relative  frequency  of  the  still  viru- 
lent typhoid  bacilli  arriving  at  St.  Louis  from  various  cities  on  the 
three  rivers,  based  on  the  population  of  the  cities  and  the  determi- 
nations made  by  Mills  as  above  outlined.     (7002-7003.) 

The  witness  expressed  the  opinion  that  the  waters  of  Illinois  River 
above  Grafton,  of  Mississippi  River  at  the  same  point,  and  of  Missouri 
River  above  its  mouth  were  not  fit  for  domestic  consumption  in  the 
raw  state  either  before  or  after  the  opening  of  the  Chicago  drainage 
canal,  and  that  the  discharge  of  the  drainage  canal  into  Illinois  River 
makes  practically  no  difference  in  the  method  of  construction  or  cost 
of  operation  of  a  suitable  filtration  system  for  St.  Louis.  Under  the 
assumption  that  the  water  was  to  be  taken  from  the  present  intake 
at  Chain  of  Rocks,  he  added  that  in  providing  for  such  a  filtration 
system  he  would  first  procure  some  satisfactory  evidence  as  to  the 
turbidity  of  the  water,  because  that  affects  the  manner  of  treatment 
more  than  anything  else,  and  after  that  he  would  consider  the  pollu- 
tion of  the  river  and  the  number  and  kind  of  bacteria  contained  in  the 
water,  because  the  treatment  that  would  remove  the  suspended  mat- 
ter from  the  water  of  Mississippi  River  at  St.  Louis  would  also  remove 
the  greater  part  of  the  dangerous  bacteria.  lie  stated  that  he  would 
give  no  consideration  to  the  sewage  from  Chicago,  because  it  would 
be  too  small  a  factor  in  the  problem  to  materially  affect  any  recom- 
mendation; moreover,  the  operation  of  such  a  filter  would  not  require 
a  higher  degree  of  skill  or  more  expensive  attendance  under  the  present 
conditions  than  it  would  before  the  opening  of  the  canal.    (7000-7007.) 
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CROSS-EXAMINATION. 

The  witness  reviewed  the  suggested  measures  presented  in  his  report 
to  the  city  in  1886,  by  which  purification  of  the  Chicago  water  supply 
could  be  brought  about.  Besides  the  construction  of  the  canal,  there 
was  a  proposition  to  remove  the  sewage  to  lands  adjacent  to  the  city 
and  dispose  of  it  by  broad  irrigation,  and  another  to  continue  the  dis- 
charge into  Lake  Michigan  imder  much  improved  conditions,  namely, 
that  the  intake  for  the  water  supply  should  be  located  as  far  as  prac- 
ticable from  the  point  of  sewage  discharge  and  that  the  sewage  should 
be  treated  by  screening  so  as  to  deprive  it  of  the  grosser  pollution  and 
in  that  way  make  it  more  unobjectionable  and  more  rapidly  dis- 
persed. He  was  of  the  opinion,  however,  that  this  was  not  a  satisfac- 
tory method.  He  stated  that  discharge  directly  into  the  lake  rather 
than  by  way  of  Chicago  River  was  preferable  because  the  river  was 
loaded  with  an  accumulation  of  organic  matter,  collected  during  those 
times  when  the  flow  was  very  slight,  and  whenever  there  was  heavy 
rainfall  all  this  accumulated  matter  woxild  be  carried  out  to  one  of  the 
water  intakes,  whereas  in  the  method  of  lake  dilution  there  would  be 
a  continuous  dischai^e  and  no  sudden  rush  of  an  accumulation  of 
filthy  matter,  so  that  its  effects  would  cover  smaller  areas.  He  noted 
on  one  occasion,  for  example,  the  effect  of  such  a  sudden  discharge. 
Shortly  after  a  freshet  he  followed  the  river  water  out  into  the  lake 
until  dark  and  computed  that  within  an  bourns  time,  approximately, 
the  water  would  reach  the  intake  crib  and  then  go  to  the  pumping 
station  and  be  delivered  to  the  residents.  He  therefore  returned 
to  his  home,  which  was  located  close  to  the  pumping  station,  and 
observed  the  condition  of  the  water  in  the  bathroom  during  the  entire 
night.  Early  in  the  morning  the  water  running  into  the  bath  tub, 
which  had  been  comparatively  clear  and  pure,  became  foul  smelling, 
(7021-7023.) 

The  possible  pollution  of  the  Chicago  water  supply  from  the  sewers 
of  Milwaukee  was  discussed  by  the  witness,  who  stated  that  the  dis- 
tance was  about  90  miles  and  that,  according  to  observations,  the  veloc- 
ity of  the  currents  in  the  lake  sometimes  reached  2  or  3  feet  per  second, 
though  usually  less.  In  response  to  requests  of  the  cross-examiner  he 
estimated  that,  with  a  current  from  the  north  having  a  velocity  of  2 
feet  per  second,  it  would  require  seventy  hours,  or  about  three  days,  for 
the  Milwaukee  sewage  to  reach  the  Chicago  intake,  and  he  then  stated 
that  the  assumption  was  false  and  that  no  Milwaukee  sewage  could 
reach  the  intakes,  because  the  water  near  the  lake  shore  does  not  move 
in  a  parallel  direction  to  the  shore,  but  there  are  cycloidal  motions  and 
the  water  passing  the  Milwaukee  sewage  outlet  would  be  so  dispersed, 
even  though  the  winds  were  favorable,  that  that  particular  water  would 
not  reach  Chicago  for  weeks  and  possibly  months.     (7025-7026.) 
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JACOB  A.  HARMAN. 

Jacob  A.  Harman,  called  as  a  witness  in  behalf  of  the  defendants, 
outlined  an  extensive  engineering  experience  and  stated  that  for  the 
five  years  previous  he  had  been  consulting  engineer  to  the  State  board 
of  health  of  Llinois.  The  purport  of  the  testimony  was  to  show  the 
flow  of  Illinois  River  and  its  various  tributaries  and  to  discuss  the 
same.  The  full  testimony  occupies  pages  6847  to  6868,  and  the  most 
comprehensive  results  are  contained  in  Table  51. 

The  witness  then  stated  that  he  had  made  an  investigation  of  the 
sewerage  system  of  St.  Charles,  Mo.,  March  10  and  11,  190^.  This" 
city  is  located  on  the  left  bank  of  Missouri  River  at  a  distance  overland 
from  the  business  district  of  St.  Louis  of  about  16  miles.  All  the 
sewers  of  the  city  drain  into  the  river.  The  land  rises  abruptly  from 
the  river  bank,  and,  at  a  distance  of  three  or  four  blocks  back  there- 
from, the  elevation  is  100  feet  or  more  above  the  stream.  The  drain- 
age of  all  the  business  district  and  nearly  all  of  the  residence  district 
therefore  flows  directly  into  the  river.  A  part  of  the  residence  dis- 
trict drains  irtto  the  Mississippi.  St.  Charles  is  not  provided  with  a 
complete  sewer  system.  There  are  four  public  sewers,  ranging  from 
three  or  four  blocks  to  eight  blocks  in  length,  and  many  private  sewers 
from  hotels  and  business  houses  leading  direct  to  the  river. 

It  was  brought  out  on  cross-examination  that  although  less  than 
one-third  of  the  area  of  St.  Charles  is  sewered  a  somewhat  larger  per- 
centage of  the  population  is  connected  with  sewers.  (6863-6864, 
6867.) 

JOHN  H.  LONG. 

DIRE(rr    EXAMINATION. 

John  H.  I^ng,  called  as  a  witness  in  behalf  of  the  defendants,  quali- 
fied by  stating  that  he  was  a  teacher  of  chemistry  at  Northwestern 
University,  Chicago,  and  had  held  such  position  for  twenty-two  years. 
Prior  to  that  he  had  taught  in  Wesleyan  University,  at  Middletown, 
Conn.,  and  for  seven  years  previous  had  been  engaged  in  the  study  of 
chemistry.  He  graduated  from  the  University  of  Kansas  in  1887, 
and  for  three  years  thereafter  had  studied  in  the  German  universities 
at  Tubingen,  Wiirzburg,  and  Breslau.  He  further  stated  that  he  was 
a  member  of  several  American  and  foreign  scientific  societies,  the 
president  of  the  American  Chemical  Society,  and  the  author  of  a  num- 
ber of  works  on  chemistry.  His  studies  had  been  confined  mainly  to 
the  lines  of  sanitary  and  physiological  chemistry.  Between  1885  and 
1890  he  was  chemist  for  the  board  of  health  of  Chicago  and  since  1885 
had  been  chemist  for  the  Illinois  State  board  of  health.     (3984-3986.) 
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It  is  apparent  that  the  witness  had  had  a  long  and  intimate  experi- 
ence with  the  general  problems  connected  with  the  water  supply  and 
sewage  disposal  of  the  city  of  Chicage  and  the  Illinois  River  basin^  as 
his  testimony  contains  a  large  amount  of  historical  matter  in  connec- 
tion with  the  development  of  both  these  improvements.     (3986-3995.) 

The  investigations  of  the  witness,  begun  in  1885,  included  the  exam- 
ination of  a  great  many  samples  of  water  from  the  Chicago  avenue, 
Evanston,  Lakeview,  and  Hyde  Park  tunnels.     (3995.) 

The  next  examinations,  in  1886,  comprised  a  study  of  samples  of 
the  river  and  canal  water  taken  weekly  from  BridgepK)rt,  Lockport, 
Joliet,  Ottawa,  La  Salle,  and  Peoria.  Another  series  of  examinations 
of  water  taken  from  the  same  points  began  in  December,  1886,  and 
was  continued  through  the  cold  months  into  March,  1887.  The  results 
of  these  examinations  were  published  in  the  reports  of  the  State  board 
of  health  for  that  period.     (3996-3997.) 

The  next  investigations  were  made  two  years  later,  beginning  Maj 
1,  1888,  and  extending  to  about  the  middle  of  November.  The  sam- 
pling points  in  this  series  were  as  follows,  including,  besides  thosi 
above  mentioned,  several  points  below  Peoria  to  the  mouth  of  th^ 
river  at  Grafton:  Bridgeport,  Lockport,  Joliet,  Morris,  Ottawa,  Ia 
Salle,  Henry,  Peoria,  Pekin,  mouth  of  Copperas  Creek,  Havana 
Beardstown,  Pearl,  and  Grafton.  During  the  same  investigation  i 
number  of  samples  were  taken  from  Dupage,  Kankakee,  Fox,  Ver 
milion,  Little  Vermilion,  and  Sangamon  rivers,  tributaries  of  the  Illi 
nois.  All  these  samples  were  taken  from  appropriate  points  abov< 
the  confluence  of  each  stream  with  Illinois  River.  These  results  weo 
published  in  the  preliminary  report  of  the  State  board  of  health  fo 
1889.  The  witness  stated  that  he  wished  to  explain  this  preliminar 
report,  which  had  been  extensively  quoted  by  the  witnesses  for  th 
plaintiff  and  attracted  considerable  attention  at  the  time  it  was  issued 
It  was  brought  out  by  the  secretary  of  the  State  board  of  health  fo 
the  use  of  some  committee  of  the  State  legislature  in  a  very  grea 
hurry.  The  work  of  printing  the  report  was  begun  but  a  few  day 
after  the  completion  of  the  last  analysis,  so  that  the  work  must  h 
regarded  as  only  of  a  preliminary  character,  and  while  the  detail 
were  complete  the  text  and  explanatory  matter  was  comparative!] 
meager.  The  full  report,  which  was  subsequently  put  into  the  hand 
of  the  secretary,  was  lost  in  some  manner  and  never  printed.  Tb 
results  in  the  preliminary  report  are  essentially  correct  so  far  as  the; 
could  be  made  so  in  the  extremely  limited  time  for  preparation,  an< 
the  averages  of  results  are  practically  correct.     (3996-3999.) 

The  next  investigation  was  made  of  the  water  in  the  neighborhood 
of  the  Bridgeport  pumps,  Chicago,  in  the  winter  of  1890  and  1891,  th 
object  being  to  show  the  relative  amounts  of  pollution  coming  froE 
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the  stock  yards  and  from  the  rest  of  the  city.  Samples  were  taken  from 
the  large  sewers  leading  from  the  stock  yards,  and  from  the  so-called 
Brennock  sewer  and  the  Ashland  ayenue,  Halstead  street,  and  Thirty- 
ninth  street  sewers,  all  representing  the  bulk  of  the  sewage  aside 
from  that  contributed  by  the  stock  yards.     (3999-4000. ) 

The  witness  was  then  requested  to  take  each  series  of  investiga- 
tions and  describe  fully  how  the  samples  were  collected  and  deliv- 
ered and  where  the  analyses  were  made,  stating  in  reply  that  those 
for  the  series  of  1886  were  collected  by  Doctor  Ranch,  secretary  of 
the  State  board  of  health,  through  the  health  officers  of  various 
towns,  and  sent  in  jugs  packed  in  boxes  to  the  laboratory  of  the 
Northwestern  University  Medical  School.  The  later  samples  were 
collected  in  the  same  way  and  sent  to  the  Northwestern  University 
School  of  Pharmacy.  He  then  proceeded  to  describe  the  methods 
used  m  making  and  interpreting  the  analyses  and  the  importance  of 
the  various  determinations.     (4000-4010,  4026-4027.) 

The  witness  then  recited  the  results  of  his  examinations  of  the 
water  of  the  Illinois  and  Michigan  Canal  and  Desplaines  and  Illinois 
rivers,  made  in  1886.  These  results  are  given  as  averages  of  twelve 
samples  taken  at  each  of  the  sampling  points  and  are  included  in 
Table  52.     (4028-4029.) 

Table  52. — Average  results  of  partial  analyses  of  water  from  Illincns  and  Michigan  Canal 
and  Desplaines  and  Ilhnois  rivers  during  the  summer  of  1886. 

[Parts  per  million.] 


PU«.  below      I  ^JJS?*"  Frccani-  !    Oxygen 

Pl^                                         iBriJ^porti^^i^^^  monia.  consumed. 

Bridgeport 0  1.633  26.563  26.20 

Lockport 29  .753  12.733  11.01 

Jofet. 33  .432  9.426  9.34 

OtUwa. 81  -    .243  .413  5.30 

Ptorit 150  .194  .027  4.81 


In  mterpreting  the  results  set  forth  in  the  above  table,  the  witness 
stated  that  the  analyses  show  beyond  question  a  marked  destruc- 
tion of  organic  matter  in  the  water  flowing  between  Bridgeport  and 
Peoria.  In  the  opinion  of  the  witness,  this  destruction  was  due 
mainly  to  bacterial  oxidation.  The  water  at  Peoria  was  practically 
potable  and  actually  used  by  a  large  number  of  people. 

The  results -of  the  investigations  in  the  winter  of  1886-87  are  set 
forth  in  Table  53.     (4030-4031.) 
IBR  194 — 07 11 
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Table  53. — Average  results  of  partial  analyses  of  water  from  Illinois  and  Michigan  Canal 
and  Desplaines  and  Illinois  rivers  dvring  the  winter  of  1886-87. 

[Parts  per  mlliion.] 


Place. 


Bridgeport 

Joliet 

Ottawa 

Peoria 


Distance 

below 

Bridgeport 

(mfles). 


0 

33  I 
81 
169 


Albumi- 
noid 
ammonia. 


3.7 
2.2 
.75 
.43 


Free  am- 
monia. 


Oxygpn 
consumed. 


9.7 
6  5 
4  7 
1.7 


22.4 

11.3 
90 


Referring  to  the  above  results,  the  witness  stated  that  there  was « 
very  considerable  destruction  of  organic  matter  in  the  water  as  il 
flows  from  Bridgeport  to  Peoria,  but  much  less  than  that  shown  ii 
Table  52,  indicating  unmistakably  that  oxidation  is  much  less  marked 
in  cold  than  in  warm  weather. 

The  witness  then  presented  a  summary  of  the  results  of  examina 
tions  made  from  May  to  October,  1888,  and  during  1889.    (4O31-4O40.; 

Table  54. — Analyses  of  water  frmn  Illinois  and  Desplaines  rivers  at  designated  pointi 
May  to  October,  1888,  and  during  1889. 


Bridgeport. 
Ixxjkport... 

Joliet 

Morris 

LaSaUe 

Henry 

Peoria 

PeWn 

Havana 

Beardstown 

Grafton 

Alton 


Nural)er  of 
analyses. 

1888. 


(Parts  per  million.] 


Total  solids. 


29 
24 
26 
24 
23 
19 
19 
16 
25 
24 
12 
15 


1889. 

1888. 

9 

471.2 

8     431.2 

8     442.7 

8 

355.9 

9 

345.7 

5 

306.0 

6 

329.75 

6,  353.0    1 

9 

301.78 

6 

390.0 

9 

301.6 

8 

278.6 

376.6 

408. 

432.8 

325.2 

417.6 

316.0 

331.0 

352.0 

354.4 

317.8 

410.8 

309.9 


Free  ammonia 

1888. 

18S9. 

12.253 

a® 

10.882 

814 

S.932 

848 

4.107 

4.71 

.636 

1.45 

.467 

l.OS 

.210 

1.63 

.645 

1.5Q 

.342 

1.07 

.202 

.76 

.095 

.S7 

.166 

.42 

Bridgeport.. 

Lockport 

JoUet 

Morris 

La  Salle 

Henry 

Peoria 

Peldn 

Havana 

Beardstown. 

Grafton 

Alton 


Nitrates. 


1888. 


0 

0 

0 
.380 

1.037 
.683 
.892 
.795 
.731 
.620 
.582 


0 

0 

0 

0 
.942 
.962 
.510 

1.250 
.414 
.996 
.087 
.317 


Oxygen  consumed. 

Chlorine. 

Hardness 

1888. 

201.3 
207.7 
216.8 
214.8 
211.7 
202.4 
199-7 
204.6 
204.2 
204.9 
242.4 
160.4 

asCaC()» 

1888. 

1889. 

1888. 

46.811 
46.120 
43.658 
32.149 
19. 717 
17.660 
12.358 
16.152 
11.583 
7.624 
9.205 
4.083 

1889. 

1889. 

23.113 

26.502 
22.820 
21. 717 
10.606 
a582 
a626 
9.611 
13.358 
9.234 
5.505 
9.818 
7.562 

62.934 
56.063 
67.17 
28.748 
13.105 
11.691 
12.860 
11.792 
9.277 
6.933 
7.523 
6.834 

16.230 

14.301 

10.92 
8.558 
a657 
9.769 
9.410 
8.142 
7.354 
7.300 
7.356 

These  results,  according  to  the  \Yitness,  show  a  purification  of  the 
river  between  Bridgeport  and  Grafton.  The  diminution  in  organic 
matter  is  due  to  two  important  factors — the  dilution  of  the  stream  bv 
water  from  various  tributaries  and  the  destruction  of  organic  matters 
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by  oxidation,  that  term  being  used  in  a  broad  sense.  Oxidation  is 
much  more  important  than  dilution,  as  indicated  by  the  change  in 
chlorines,  a  condition  being  finally  reached  in  which  the  organic  mat- 
ter is  not  greater  in  amount  than  in  the  unpolluted  streams  com- 
monly found  in  that  part  of  the  country. 

The  witness  then  presented  the  results  of  the  examination  of  sam- 
ples of  water  taken  fron>  important  tributaries  of  Illinois  River  at 
weekly  intervals  from  May  4  to  September  21,  1888.  The  means  of 
these  results  are  given  in  Table  55.     (4040-4071.) 

Table  55. — Average  restdU  of  analyses  of  weekly  samples  of  water  from  Illinois  Rh^ 
tributaries  at  designated  points  and  dates  in  1888. 

[Parts  per  million.] 


Tributary. 


Place  of  collec- 
tion. 


Dopage  River . . .    Channahon . . 
KAnkakee  River    Wilmington . 

Ft>x  River Ottawa. 

Verm  i  lion 

River. 
Uttle     VcrmU- 

ioai  River. 


Period  included    ^  1 1 
in  average.        -  * ' 


5 
o 


Ic-S 


Nitrogen  as— 


^3 


Aug.  10-Sept.  21 

May  4-8ept.  21 

May  14-Sept.  17 

La  Salle May  7-July  16 


..do. 


..do. 


^*nga^lon 
River. 


2^7,  14.  l,a  346  0.417  a  307 


251.4  35.6 

330.3]  46.3 

450.6!  87.8 

375. 1  3a  8 


ChandlervUle.l  July  10-8ept.  3  ,      s;  317.8  70.7 


««2 


3 


I 
I 


.585  .114  .094 
.463  .278  .027; 
.341    .049X348 


.285  .053 


.362 
.755 


4.743  5.786  244.8 
12.661,  1.015,  1641 
7.066  4.974  242.1 
&914   5.461    255.8 

7. 15  I  5. 664'  210L  2 

5.480   a  609  212.0 


In  explaining  the  mean  of  the  determinations  of  samples  from 
Dupage  River  the  witness  stated  that  the  average  given  includes  only 
the  last  seven  determinations — namely,  from  August  10  to  Septem- 
ber 21 — because  there  was  some  uncertainty  about  the  point  of  collec- 
tion of  the  samples  taken  prior  to  August  10,  and  therefore  he  had 
omitted  them  in  making  up  the  sunmiary.  Inasmuch  as  the  results 
of  the  individual  analyses  are  not  given  for  Dupage  River  in  this 
review,  it  should  be  stated  that  the  samples  taken  previous  to  August 
10  indicated  a  far  higher  degree  of  pollution  than  those  wliich  are 
actually  included  in  the  mean,  and  if  all  were  included — that  is,  if  the 
average  was  made  from  the  results  of  the  21  analyses  reported — the 
amounts  would  be  greatly  increased.  The  suspended  solids,  albumi- 
noid ammonia,  and  oxygen  consumed  would  be  increased  about  25 
per  cent,  the  nitrates  100  per  cent,  the  chlorine  400  per  cent,  and  the 
free  ammonia  600  per  cent.  The  mean  actually  used  by  the  witness 
does  not  include  the  spring  and  early  summer  samples,  and  unless 
this  is  understood  errors  may  arise  in  the  comparison  of  the  mean  for 
Dupage  River  with  that  of  the  other  tributaries.  In  order  that  there 
may  be  no  errors  from  such  a  comparison,  a  statement  of  the  period 
during  which  the  samples  were  taken  to  make  up  each  average  is 
included  in  the  table. 
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The  witness  then  stated  that  a  comparison  of  the  results  of  the 
analyses  of  Illinois  River  water  taken  above  Grafton  with  the  results 
in  Table  55  indicated  that  a  condition  of  organic  purification  at  its 
mouth  had  been  reached  comparable  with  or  similar  to  that  found  in 
the  tributaries;  in  fact,  that  this  reduction  had  proceeded  to  a  point 
at  which  apparently  the  limit  of  oxidation  of  the  organic  matter  had 
been  reached,  and  the  organic  residues  that  were  left  were  of  a  stable 
type,  very  resistant  to  all  oxidizing  influences,  a  condition  character- 
istic of  organic  matter  of  vegetable  rather  than  of  animal  origin.  It 
was  further  stated  by  the  witness  that  the  water  at  the  mouth  of  Illi- 
nois River  is  better  than  that  of  Kankakee,  Fox,  and  Little  Vermilion 
rivers,  and  that  the  average  of  all  the  results  from  the  tributaries 
showed  a  condition  of  organic  impurity  as  great  as  that  of  the  Illinois 
at  its  mouth.     (4072^076.) 

Continuing  his  discussion  of  the  results  for  1888  and  1889,  the  wit- 
ness stated  that  Table  54  shows  a  considerable  reduction  of  organic 
contamination  between  Bridgeport  and  Grafton,  although  much  less 
in  1889  than  in  1888.  The  difference  is  particularly  noticeable  in  the 
oxygen  consumed  and  the  albuminoid  ammonia  and  in  a  less  degree 
in  the  free  ammonia.  These  three  determinations  are  particularly 
instructive  in  the  samples  taken  at  Pekin  during  the  winter.  Whereas 
in  the  summer  the  amounts  of  organic  matter  as  disclosed  by  these 
determinations  do  not  appear  to  be  excessive,  during  the  winter  of  1888 
and  1889  the  evidence  shows  a  largely  increased  organic  contamina- 
tion, the  explanation  for  which  is  not  diflScult.  During  the  summer, 
in  the  stretch  of  river  between  Peoria  and  Pekin,  which  is  nearly 
level  for  8  or  10  miles,  an  enormous  bacterial  or  fermentative  decom- 
position of  organic  matter  occurs,  as  is  shown  by  the  rapid  evolution 
of  gases  and  the  general  appearance  of  the  stream,  so  that  roughly 
this  stretch  may  be  compared  to  a  great  septic  tank  in  which  hundreds 
of  tons  of  organic  matter  are  constantly  undergoing  decompwjsition, 
This  rate  of  decomposition  varies  according  to  the  temperature,  and 
therefore  in  the  winter  season  the  rate  is  much  lower,  so  that  at  Pekin 
below  the  distilleries  and  cattle  sheds  of  Peoria,  the  enormous  pollu- 
tion, as  shown  by  residual  albuminoid  ammonia  and  oxygen  con- 
sumed, indicates  fresh  and  recent  -  additions.  The  consideration  oi 
these  figures  shows  that  beyond  any  question  whatever  the  additioi 
of  filth  at  Peoria  is  a  very  important  factor  in  accounting  for  th< 
organic  matter  in  the  river  below.  Another  feature  of  importanci 
is  the  high  free  and  albuminoid  ammonia  and  oxygen  consumed  in  th< 
samples  taken  from  Illinois  River  at  Grafton,  where  the  individua 
analyses  show  great  variations.  In  the  last  examinations,  made  ii 
March,  1809,  the.se  factors  were  unusually  high.  It  is  evident  that  a 
that  time  the  river  must  have  received  a  greatly  increased  amount  u 
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contaminationy  possibly  from  the  breaking  up  of  ice  and  the  washing 
down  of  accumulated  filth.     ( 4079^08 1 .) 

Tlie  witness  then  testified  with  reference  to  some  investigations 
made  in  the  winter  of  1890  and  1891,  to  determine,  if  possible,  the 
proportion  of  organic  matter  discharged  from  the  sewers  of  the  city  to 
that  from  the  stock  yards  and  the  proportion  passing  the  pumps  at 
Bridgeport.  Altogether  about  130  analyses  were  made.  The  water 
was  collected  daily  through  a  considerable  period  at  fifteen-minute 
intervals.  The  collections  were  united  in  large  hogsheads,  thoroughly 
mixed,  and  a  composite  sample  taken  each  day  for  analysis.  The 
analyses  were  made  to  determine  the  total  organic  matter  as  accurately 
as  possible,  and  also  the  nitrogen,  from  which  a  check  calculation  was 
subsequently  made.  As  a  result  of  these  examinations,  the  witness 
estimated  that  the  organic  matter  discharged  from  the  city  and  the 
stock-yard  sewers  in  the  neighborhood  of  the  Bridgeport  piunps 
amounted  approximately  to  240  tons  daily.  The  examinations  were 
made  as  follows:  Measured  portions  of  the  sample  were  evaporated 
to  dryness  in  a  platinum  dish  and  the  residue  incinerated  by  what  is 
known  as  the  Drown  method.  In  all  cases  this  test  was  made,  from 
500  cubic  centimeters  to  1  Uter  of  sewage  being  used,  according  to  its 
concentration.  A  determination  of  the  total  organic  nitrogen  was 
made  by  the  Kjeldahl  process.  Similar  examinations  were  made  of 
the  water  as  it  passed  the  Bridgeport  pumps  to  determine  what  part 
of  the  organic  matter  was  probably  decomposed  within  the  city  and 
what  part  actually  passed  through  the  piunps  into  the  canal.  It  was 
found  in  one  series  of  investigations  that  about  five-sixths  of  the  sew- 
age passed  through  the  pumps,  the  remainder  being  decomposed 
inside  the  city.  In  the  warmer  months  a  very  much  larger  propor- 
tion of  the  organic  matter  was  decomposed  in  the  city  than  in  the 
colder  months.     (4095-4098.) 

The  witness  then  stated  that  a  comparison  of  the  results  obtained 
in  the  examinations  of  1886  with  those  of  1888  and  1889  indicated 
increased  pollution  of  Illinois  River  at  Peoria.     (4098-4099.) 

In  the  summer  of  1899  the  witness  was  authorized  to  begin  a  chem- 
ical examination  of  the  waters  of  Illinios  River  and  its  tributaries  and 
the  Illinois  and  Michigan  Canal.  Before  beginning  the  analyses  he 
made  a  trip  of  inspection  down  the  river  from  Bridgeport  to  Grafton 
in  company  with  Jacob  A.  Harman,  engineer  of  the  State  board  of 
health.  The  trip  was  made  for  the  purpose  of  famiUarizing  the  two 
officials  with  the  locations  and  general  conditions  along  the  river  and 
of  engaging  water  takers  to  obtain  samples  of  water  froni  the  various 
points  and  ship  them  to  Chicago.  The  points  selected  are  shown  in 
Table  56.     (4104-4108^  4121^122.) 
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Table  56. — Sampling  poinU  in  Illinois  River  batin,  1899. 


Sampling  point. 


Illinois   and    Michigan  Canal   at 

Bridgeport. 
Illinois   and   Michigan   Canal   at 

Lockport. 
Dcsplaines  River  at  Libert yville, . 

Desplaines  River  at  Lockporl 

Desplaines  River  at  Joliet 

Illinois  River  at  Morris 

Illinois  River  at  Ottawa 


Illinois 
lUinois 
lUinois 
IlUnois 
Illinois 
Illinois 
lUinois 


River  at  La  Salle 

Riveqat  Henry 

River  above  Peoria. . . 
River  below  Peoria. . . 

River  below  Pekin 

River  at  Havana 

River  above  Havana, . 


Illinois  River  at  Pearl 

Illinois  River  at  Grafton 

Kankakee  River  at  South  Bend, 
Ind. 

Kankakee  River  below  Wilming- 
ton. 

Fox  River  at  McHenry 

Fox  River  at  Ottawa 


CoUedtor. 


Frank  Wright 

P.  O'Brien 

Clare  Sherman 

P.  O'Brien 

B.  F.  Long^ 

Dr.  H.  M.  Ferguson . 
Dr.  W.A.Pike 

C.  H.Nicolet 

H.J.  Gregory 

C.  F.  Hlxon 

Henry  Ocker 

H.  D.Jensen 

S.F.Kyle 

do 


K.H.  Chandler 

F.M.Calhoun 

Dr.  G.  W.  Van  Ben- 

schotlen. 
C.  D.  Cassingham 


Dr.  C.  H.  Fe^rs.. 
Dr.  W.  A.  P&e... 


Vermilion  River  at  Pontiac 

Vermilion  River  at  La  Salle 

Spoon  River  at  Dahinda 

Spoon  River  at  Havana 

Sangamon  River  at  Mahomet 

Sangamon  River  200  yards  above 
mouth. 

Mississippi  River  at  Grafton 

Dupage  Klver  at  Wheaton 

Mackinaw  River  at  Kappa 


Dr.  J.  J.Stites 

C.H.  Nicolet 

Dr.  J.  B.  Bedford  ... 

S.F.Kyle 

I3r.  J.H.  Gardiner... 
(J.  P.  Hollingsworlh. 


F.  M.Calhoun 

Dr.  C.  F.  Blanchard. 
Dr.  R.  E.  McKenzie. 


Num- 
ber of 
sam- 
ples. 


Remarks. 


50  feet  west  of  pumping  station. 
200  feet  east  of  main  bridge. 


Above  stone  bridge  north  of  town. 

Basin  above  city. 

Wagon  bridge  south  of  city. 

200  yards   above   mouth    of    Fox 

River. 
600  feet  above  Vermilion  River. 
600  feet  above  dam  above  towTi. 
At  the  Narrows,  AveryviUe- 
Opposite  Wesley. 
Below  outlet  of  cattle  sheds. 
200  yards  above  wagon  bridge. 
Above  Spoon  River  during  remaio- 

der  of  sampling  period. 
At  Alton  Ra[Uroad  bridge. 
U  miles  above  town. 
Near  the  cHy. 


100  vards  above  Rock  Island 
bridge,  temporary  station:  after- 
wards from  Fox  River  feeder. 

2  miles  above  ci;y. 

Several  hundred  feet  above  city. 


Above  mouth  of  Illinois  River. 


In  this  series  of  investigations  two  sampler  of  water  were  taken  at 
each  point,  one  in  a  gallon  bottle  for  chemical  analysis  and  the  other 
in  a  6-ounce  bottle  for  the  bacteriological  examination.  The  methods 
of  sampling  and  the  precautions  taken  against  infection  coincided 
with  those  usually  prescribed.  The  bacterial  sample  was  placed  in 
a  small  tin  can  and  this  in  a  larger  can,  the  inner  can  being  surrounded 
with  ice.  The  samples  were  sent  to  Professor  Long's  laboratory  by 
express,  the  quickest  route  being  taken  in  every  case.  When  the 
samples  were  received  at  the  laboratory  they  were  marked  with  serial 
numbers  for  identification.  The  large  sample  was  immediately  sub- 
jected to  analysis,  while  from  the  smaller  one  was  taken  a  portion  of 
the  water  for  that  part  of  the  biological  examination  carried  on  by 
Doctor  Ijong  and  the  remainder  turned  over  to  Dr.  Robert  F.  Zeit, 
biologist,  who  occupied  quarters  in  the  same  building.  (4111-4114, 
4119-4120.) 

The  witness  then  described  the  variations  in  the  methods  of  anal^^sis 
used  in  this  period  of  the  work  from  those  described  for  former  periods. 
The  Gries  method  was  used  to  determine  nitrites  and  the  phenol- 
sulphonic  method  for  nitrates.     In  some  cases  total  organic  nitrogen 
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was  determined  by  the  Kjeldahl  process.  In  addition  to  the  generally 
recognized  chemical  tests,  the  witness  made  certain  bacteriological 
examinations,  such  as  the  number  of  bacteria  per  cubic  centimeterj 
the  coagulation  of  milk,  the  amount  of  gas  formed  in  the  fermenta- 
tion of  glucose  broth,  and  the  production  of  indol.  In  Table  57  are 
contained  averages  of  weekly  analyses  of  water  made  according  to  the 
above-stated  plan  from  each  of  the  sampling  points.  The  results 
recited  by  the  witness  consisted  of  the  individual  analyses,  and  the 
reader  is  referred  to  the  record,  pages  4130-4157,  or  to  the  special 
report  of  the  Illinois  State  board  of  health  for  1901  for  a  complete 
statement.  The  chemical  averages  given  in  Table  57  are  in  nearly  all 
cases  representative  of  the  actual  results.  The  bacteriological  data, 
however,  vary  more  widely  and  the  averages  given  are  of  less  value — 
so  much  less  in  the  statements  of  bacteria  per  cubic  centimeter  that 
the  extreme  counts  are  given  in  all  cases. 

There  was  a  great  diminution  in  organic  pollution  of  Illinois  River 
between  Bridgeport  and  Averyville,  as  shown  by  the  decrease  in  the 
amounts  of  oxygen  consumed,  albuminoid  anunonia,  and  free  ammo- 
nia, and  the  increase  in  nitrates.  The  amount  of  oxygen  consumed 
by  the  river  water  above  Peoria  does  not  differ  appreciably  from  that 
shown  by  the  tributaries  of  the  Illinois.  The  same  is  true  of  the  albu- 
minoid ammonia,  while  the  amount  of  this  ingredient  below  Peoria  is 
nearly  as  great  as  that  at  Bridgeport.  It  was  further  pointed  out 
that  after  passing  Peoria  the  free  ammonia  increased  from  less  than  1 
part  to  over  4  parts  per  million,  w^hile  the  oxygen  consumed  increased 
"m  unfiltered  water  from  6  to  17  parts  per  million  and  in  filtered  water 
from  5i  to  13  parts  per  milUon,  showing  that  a  very  great  amount  of 
organic  matter  is  added  to  the  river  from  the  industries  at  Peoria. 
Down  the  river  from  Peoria  there  is  a  gradual  decrease  in  the  amount 
of  oxygen  consumed  by  the  water  and  in  the  free  and  albuminoid 
ammonia  present,  indicating  that  the  same  processes  of  purification 
are  effectual  in  the  stretch  of  the  river  below  Peoria  as  above.  The 
determinations  show,  according  to  the  witness,  that  by  the  time  the 
water  reaches  Grafton  the  organic  pollution  is  not  essentially  different 
from  that  observed  in  the  tributaries  of  the  IlHnois.  Taken  as  a 
whole,  the  tables  disclose  two  main  sources  of  contamination,  namely, 
the  sewage  from  Chicago  and  the  industrial  wastes  from  Peoria.  In 
the  opinion  of  the  witness,  the  Peoria  industrial  wastes,  rather  than 
the  Chicago  sewage,  constitute  the  main  factor  in  the  contamination 
of  Illinois  River  at  its  mouth.     (4160-4162.) 
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The  witness  then  compared  the  results  of  analyses  of  samples  taken 
from  Desplames  River  at  Joliet  with  those  from  Illmois  River  at 
Wesley,  below  Peoria,  and  pointed  out  that  the  amoimt  of  albuminoid 
ammonia  is  greater  at  Wesley.  As  indicated  by  the  oxygen  con- 
^mied,  the  amoimt  of  organic  matter  in  the  water  at  Wesley  is  nearly 
as  great  as  that  at  Joliet.  This  apparent  discrepancy  was  explained 
by  the  witness  to  be  due  to  the  fact  that  the  albuminoid-ammonia 
determination  is  a  measure  of  the  nitrogenous  matter,  whereas  the 
oxygen-consumed  determination  measm^s  the  carbonaceous  matter. 
As  the  waste  from  Peoria  is  known  to  be  largely  nitrogenous,  the 
albuminoid  ammonia  would  be  relatively  greater  at  Peoria,  while  the 
carbonaceous  matter  would  be  predominant  at  Joliet.  Concerning 
the  water  above  Peoria  the  witness  asserted  that  it  was  not  essentially 
different  from  the  waters  of  the  ordinary  streams  of  the  State  of 
Illinois  and  no  more  contaminated  than  might  be  expected  of  a 
water  which  had  passed  through  soil  rich  in  organic  matter.  He  then 
compared  the  water  from  the  Illinois  above  Peoria  with  that  of  Fox 
River  and  stated  that  the  Fox  at  Ottawa  contains  as  much  organic 
matter  as  the  Illinois  at  Peoria.  Free  anunonia  in  Fox  River  is  very 
much  less  than  that  at  Peoria,  but  the  albuminoid  anunonia  is  almost 
as  great.  Comparing  conditions  at  La  Salle  and  Pekin,  the  witness 
stated  that  the  amount  of  organic  matter  at  Pekin,  as  indicated  by 
the  albuminoid  ammonia,  is  much  greater  than  at  La  Salle,  while  the 
free  ammonia  at  La  Salle  is  greater  than  that  at  Pekin,  indicating 
that  the  oxidation  of  organic  matter  at  La  Salle  is  the  more  nearly 
complete.  If,  however,  the  contamination  be  measured  by  the  oxy- 
gen consumed,  the  condition  at  the  two  places  is  similar.  Com- 
paring the  waters  of  Illinois  River  above  Peoria  with  those  above 
Grafton,  the  witness  stated  that,  as  measiu'ed  by  the  figures  for  oxygen 
consumed  and  for  free  and  albuminoid  ammonia,  there  is  somewhat 
more  organic  pollution  indicated  above  Peoria  than  at  Grafton. 
He  then  made  a  comparison  between  the  water  above  Peoria  and  that 
of  the  Mississippi  above  Grafton,  stating  that  the  oxygen-consumed 
determinations  show  that  Mississippi  River  water  at  Grafton  con- 
tains more  organic  matter  than  the  Illinois,  while  the  two  compare 
very  closely  when  measiu'ed  by  the  albuminoid-ammonia  tests. 
Other  determinations  show  that  in  the  Illinois  at  Grafton  there  is  evi- 
dence of  a  large  amount  of  nitrogenous  matter  which  has  undergone 
oxidation.  From  all  the  above  considerations  the  witness  concluded 
that  the  organic  matter  discharged  at  Bridgeport  into  the  Chicago 
drainage  canal  has  undergone  practically  complete  oxidation  before 
H  has  reached  the  mouth  of  Illinois  River,  because  at  this  point  he 
could  find  no  more  organic  matter  than  might  readily  be  accounted 
for  by  that  discharged  from  the  tributaries  and  from  contamination 
at  Peoria.     (4163-4166.) 
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The  witness  stated  that  the  bacteriological  results  agree  with  the 
chemical  results.     (4167-4170.) 

He  then  read  into  the  record  the  results  of  his  examinations  during 
1900.     The  averages  are  reproduced  in  Table  58.     (4172-4205.) 

The  witness  stated  that  Table  58  discloses  considerably  less  organie 
contamination  in  both  canals  at  Bridgeport  than  appeared  during  the 
series  of  1899.  At  Morris,  where  there  is  a  considerable  mixing  of 
waters  from  both  canals,  the  amoimts  of  free  and  albuminoid  ammonia 
are  lower  than  those  for  1899.  When  Wesley  is  reached  there  is  a 
great  increase  in  the  figures  for  all  constituents,  being  more  marked  in 
oxygen  consumed  and  free  and  albuminoid  ammonia.  At  Pearl  the 
condition  of  the  water  is  as  good  as  that  shown  in  many  of  the  tribu- 
taries, but  at  Grafton  the  amount  of  organic  matter  is  slightly  greater 
than  at  Pearl.  In  the  opinion  of  the  witness  the  point  of  greatest  im- 
portance in  the  spring  series  of  analyses  was  the  very  marked  increase 
of  organic  matter  at  Peoria  and  Wesley,  as  compared  with  the  amount 
found  at  points  above  during  the  same  examination.  The  witness 
compared  the  conditions  at  Wesley  and  at  Morris  for  the  purpose  of 
showing  that  the  organic  matter  is  greater  at  the  former  place ;  another 
comparison  showed  that  the  water  at  Morris  is  purer  than  at  Grafton. 
Comparing  the  conditions  at  Morris  in  1899  and  the  spring  of  1900  the 
witness  stated  that  the  amount  of  organic  matter  was  less  at  the  later 
date.  This  was  true  at  Wesley  also  and  in  general  throughout  the 
course  of  the  river,  except  at  Grafton,  where  more  organic  matter 
seemed  to  be  present  in  1900  than  in  1899.  The  river  was  high  during 
the  spring  of  1900,  and  therefore  the  comparison  between  the  waters 
of  the  river  at  that  time  and  during  the  summer  conditions  which  pre- 
vailed in  1899  was  not  fair.     (4181-4185.) 

Continuing  with  a  discussion  of  the  results  of  examinations  made 
during  the  summer  of  1900,  the  witness  stated  that  it  was  shown  at  the 
outset  that  there  was  a  lower  initial  contamination  of  the  water  at 
Bridgeport  than  in  1899,  and  that  the  data  further  showed  a  gradual 
and  continuous  diminution  in  the  factors,  indicating  organic  contami- 
nation as  the  river  was  descended — a  diminution  far  greater  than  could 
be  accounted  for  by  the  amount  of  dilution  entering  the  main  stream 
from  its  tributaries.  The  water  from  Illinois  River  above  Peoria, 
according  to  the  results  for  oxygen  consumed  and  tor  free  and 
albuminoid  ammonia,  had  no  greater  degree  of  contamination  than  is 
ordinarily  found  in  the  tributary  waters  of  the  Illinois.  At  Wesley 
there  was  a  remarkable  increase  in  the  organic  pollution,  amounting 
to  several  hundred  per  cent,  as  shown  by  the  free  and  albuminoid 
ammonia  determinations.  It  is  known  that  the  contamination  enter- 
ing the  river  at  Wesley  is  largely  nitrogenous,  and  therefore  there  was 
at  this  point  a  much  greater  increase  in  the  albuminoid  and  free 
ammonia  than  in  the  oxygen  consumed. 
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Below  Wesley  the  pollution  decreased  steadily  and  at  Pekin  the 
albuminoid  ammonia  had  been  reduced  to  a  point  which  was  compar- 
able with  that  found  in  ordinary  river  waters  of  the  State,  and  beyond 
which  the  reduction  does  not  conmionly  proceed  for  the  reason  that 
the  organic  substances  renmining  are  of  the  comparatively  stable  types, 
which  are  not  subject  to  great  reduction  by  bacterial  oxidizing  agents. 
In  the  case  of  the  free  ammonia,  however,  the  witness  stated  that  as  this 
substance  does  undergo  change  there  was  a  progressive  improvement 
or  disappearance  by  oxidation  to  the  mouth  of  the  river.  The  figures 
for  the  oxygen  consumption  indicated  a  similar  condition,  the  amount 
lessening  from  Pekin  to  Grafton,  where  it  corresponded  to  that  shown 
by  the  waters  of  the  tributaries  entering  the  Illinois.     (4209-4210.) 

The  witness  then  drew  several  comparisons  from  his  table,  begin- 
ning with  a  calculation  of  the  combined  flow  through  the  Chicago 
drainage  canal  and  the  Illinois  and  Michigan  Canal.  According  to  the 
observations  of  the  engineering  department  of  the  sanitary  district  of 
Chicago,  as  reported  by  the  chief  engineer,  16  per  cent  of  the  flow  of 
water  from  Lake  Michigan  into  Desplaines  River  went  through  the 
Illinois  and  Michigan  Canal  and  84  per  cent  through  the  drainage 
canal.  If  it  were  assumed  that  all  of  the  water  passed  through  one 
channel,  the  volume  being  equivalent  to  the  volume  flowing  through 
both,  the  constituents  in  that  channel  would  be  as  follows,  in  parts 
per  million:  Albuminoid  anmionia,  1.13;  free  ammonia,  3.9;  oxygen 
consumed,  7.46;  chlorine  23.5.  These  numbers  may  be  taken  as  rep- 
resenting the  composition  of  the  total  flow  through  the  two  channels. 
A  comparison  of  these  numbers  with  the  data  for  the  water  at  JoUet 
showed  a  discrepancy,  which  was  accounted  for  by  the  witness  as  being 
due  to  an  imperfect  mixture  of  the  Desplaines  and  canal  waters. 
Because  of  this  discrepancy  the  Joliet  collection  was  not  considered 
in"preparing  the  series  of  charts  that  were  then  presented  by  the  wit- 
ness, based  on  the  results  of  analyses  made  during  the  summer  of  1900, 
showing  amounts  of  albuminoid  and  free  ammonia,  oxygen  consimied, 
and  chlorine  at  the  various  sampling  points  from  Bridgeport  to  Graf- 
ton. As  the  values  expressed  in  these  charts  are  included  in  Table  58, 
they  are  not  reproduced.     (4210-4223.) 

Professor  Long  then  testified  that  he  had  made  further  chemical 
surveys  in  1901,  from  September  to  December,  inclusive,  and  in  1902 
during  February  and  March,  the  sampling  points  being  IllinoisRiver 
above  its  confluence  with  the  Mississippi,  Mississippi  River  above  the 
mouth  of  the  Illinois,  and  Missouri  River  above  its  confluence  with 
the  Mississippi.  The  results  of  these  examinations  were  read  into  the 
record  and  occupy  pages  4230  to  4237,  inclusive.  The  averages  of 
these  results  are  given  in  Table  59,  and  the  reader  is  referred  to  the 
record  or  to  the  report  of  the  Illinois  State  board  of  health  for  1902 
for  more  detailed  information. 
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Table  59. 


Averages  of  results  of  analyses  of  water  from  Illinois^   Mississippi,  and 
Missouri  rivers  y  1901  and  1902. 


SamhtT  of  samples 

Totil  solids parts  per  million . . 

Solids  in  mispension do — 

Sofeis  in  solution do — 

Loa  on  ignition: 

Total. do.... 

In  solution do 

Aibominoid  ammonia do 

Free  ammonia do 

Nitrites do 


Illinois 
River 
above 
Qrafton, 
Septem- 
ber 23  to 
Decem- 
ber 12, 
1901. 


I   Missis- 

I  ^'e 

above 
Orafton, 
I  Septem- 
ber 23  to 
!  Decem- 
ber 12, 
1901. 


••I 


I 


Kttrates do... 

Oiygen  absorbed: 

Total do . 

In  solution do 

Oranic  nitrogen do 

Hikjrine do 

B«ct<Tia  per  cubic  centimeter 

Fermentation: 

In  0.1  c.  c per  cent  of  gas. . 

In  1  c.  c do 

Cosmlation  of  railk  at  38°  C 

Prodnetion  of  indol.  .per  cent  of  samples. 


38 
261 

32 
229 

40 
36 
0.413 
0.238 
0.234 
1.042 

4.31 
3.21 
0.81 
16.4 
100  to 
25,800 

31.4 

48.6 

Slow. 

2.9 


Missouri 
River 

at 
mouth, 
Septem- 
ber 17  to 
Decem- 
ber 12, 
1901. 


37 

183 
38 
45 

36 
33 
0.39 
0.07 
0.004  ' 
0.06  I 

7.84 
6.53 
0.74  I 
1.88 
150  to  I 
5,200 

36.1 

51.4 

Slow. 

3.1 


I 


Illinois 
River 

above 
Grafton, 

Febru- 
ary 21  to 

March 

18, 1902. 


43 
1,294 
948 
346  I 

82 

29 

0.60 

0.10 

0.0006 

0.13 

10.28 
3.17 
1.61 
14.9 
300  to 
21,200 

82.5 

88.4 

Moderate 

56.8 


13 
445.7 
216.0 
229.7 


Missis- 
sippi 
River 
above 
Grafton, 
Febru- 
ary 24  to 
March 
17, 1902. 


Missouri 
River 

at 

mouth, 

March  10 

to  21. 

1902. 


12 
280.8 
93.0 
187.8 


68.4 

48.9 

45.8 

49.3 

0.452 

0.283 

1.344 

0.244 

0.003 

0.003 

0.398 

0.473 

8.96 

7.09 

4.88 

4.84 

1.46 

1.24 

12.49 

2.46 

40  to 

60  to 

14,880 

12,400 

61.6 

25.0 

40.0 

9.0 

Moderate 

Slow. 

15 

25.0 

8 

1,594.5 

1,290.2 

304.3 

186.0 
54.0 
0.849 
0.295 
0.011 
0.675 

17.15 
4.96 
3.27 
14.46 
160  to 
14,160 

87.5 

le.Vshrs*. 
75 


The  witness  made  the  following  interpretation  of  the  data  contained 
in  Table  59 :  The  organic  condition  of  Illinois  River  above  Grafton  is 
much  better  than  that  of  the  Missouri  above  its  mouth.  This  is 
shown,  according  to  the  witness,  first,  by  the  factor  of  oxygen  con- 
sumed, which  for  Illinois  River  is  for  the  unfiltered  water  4.31  parts 
per  million  and  for  the  filtered  water  3.21  parts,  whereas  the  Missouri 
shows  10.28  and  3.17  parts,  respectively;  second,  by  the  factor  of 
albuminoid  ammonia,  as  measuring  the  substances  of  comparatively 
complex  composition  yet  undecomposed — in  Illinois  River  0.413  part 
per  million,  as  against  0.6  part  in  Missouri  River;  third,  by  the  factor 
of  organic  nitrogen,  as  determined  by  the  Kjedahl  process,  which  is 
0.81  part  per  million  in  Illinois  River  and  1.61  parts  in  the  Missouri. 
The  chemical  reactions  due  to  living  organic  matter  in  Illinois  and 
ilissouri  rivers  being  considered,  it  is  evident,  according  to  the  wit- 
ness, that  the  condition  of  Illinois  River  was  greatly  superior  to  that 
<if  ilissouri  River  throughout  the  whole  period,  and  especially  is  this 
shown  by  the  biological  work  recorded  in  the  table.  The  production 
of  indol,  for  example,  was  very  common  in  samples  taken  from  Mis- 
souri River  and  rare  in  Illinois  River  samples.  It  is  also  shown  by  the 
greater  abundance  in  the  Missouri  samples  of  those  organisms  which 
have  the  power  of  breaking  down  carbohydrates  with  the  production 
of  acid.  The  tests  further  show,  according  to  the  witness,  that  Mis- 
souri River  is  also  contaminated  to  a  far  greater  degree  than  Mississippi 
River  above  the  mouth  of  the  Illinois.     (4239-4241.) 
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The  witness  was  then  questioned  concerning  investigations  mad( 
by  him  on  the  character  of  the  water  of  Kaw  and  Missouri  rivers  ii 
the  vicinity  of  Kansas  City.  He  stated  that  in  May,  1903,  samplei 
were  taken  under  his  direction  from  Kaw  River  at  a  point  1^  milo 
above  its  confluence  with  the  Missouri  and  from  Missouri  River  (a 
above  its  confluence  with  the  Kaw,  (b)  below  the  confluence  with  thi 
Kaw  and  above  Kansas  City,  and  (c)  below  Kansas  City.  No  deter 
minations  were  made  on  these  samples  except  that  of  chlorine.  Th( 
results,  together  with  the  flow  of  Kaw  and  Missouri  rivers,  ar 
recorded  in  Table  60.     (4241-4246.) 

Table  60. — Volume  of  flow  and  determinations  of  chlorine  in  the  water  of  Kaw  <m 
Missouri  rivers  at  designated  points^  May  22-28 y  1903. 

[Flow  in  cubic  feet  per  second;  chlorine  in  parts  per  million.] 
May  22. 


Flow. 


Kaw  River 

Missouri  River  above  Kaw  River. . . 
Missouri  River  above  Kansas  City . . 
Missouri  River  below  Kansas  City . . 


125,000 


Chlorine. 


10.22 
10.95 
16.50 


May  23. 


May  34. 


Flow. 


Chlorine.       Flow.      Chlorine 


145,000 


11.64 
11.62 
11.72 


51^000  ' 

*i84,*o66" 


Kaw  River 

Missouri  River  above  Kaw  River. . 
Missouri  River  above  Kansas  City. 
Missouri  River  below  Kansas  City. 


May  25. 


^'o-  ?sr 


49,600 
198,666' 


9.81 
10.31 
11.96 


May  26. 


Flow. 


Chlo- 
'  rine. 


39,100  I  10.29 


226,000  ' 


May  27. 


Flow. 


I.Chlo- 
,  rine. 


63,500      9.89 


242,000  ; 


May  28. 


Flow. 


Chic 
nne 


72,200 


310,000 


It  appears  from  Table  60  that  the  samples  from  Kaw  River  wei 
taken  subsequent  to  those  from  the  Missouri,  and  therefore  tl 
amounts  of  chlorine  as  stated  in  the  table  are  not  absolutely  con 
parable  for  the  two  streams.  The  dates  May  26,  27,  and  28,  give 
in  the  record,  are  probably  incorrect,  owing  to  typographical  erro 
and  the  proper  dates  are  the  22d,  23d,  and  25th,  as  in  the  case  of  tl 
Missouri  River  samples.  As  this  review  is  taken  from  the  officii 
record,  however,  this  probable  error  can  not  be  corrected,  but  it 
here  indicated. 

Counsel  for  the  defense  stated  that  the  testimony  here  given  wi 
partly  for  the  purpose  of  rebutting  that  of  Doctor  Teichmann,  wi 
stated  that  the  great  part  of  the  chlorine  in  Missouri  River  wi 
derived  from  the  Kaw.  In  response  to  questions,  therefore,  tl 
witness  interpreted  the  results  as  follows:  The  averages  drawn  fro] 
the  table  show  a  considerably  larger  figure  for  chlorine  below  Kanst 
City  than  in  the  Kaw  or  the  Missouri  above  Kansas  City.  The  exc^ 
of  chlorine  below  Kansas  City  is  more  than  can  be  accoimted.  for  t 
any  addition  from  the  Kaw,  showing  that  a  certain  proportion  mu 
come  from  the  stock  yards  and  sewers  of  Kansas  Gty.    The  volun 
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of  Missouri  River  was  considerably  greater  than  that  of  the  Kaw 
ihrougbout  the  period  under  discussion  and  the  amount  of  chlorine 
in  the  Kaw,  the  volume  of  the  river  being  considered,  could  not  have 
increased  the  chlorine  in  the  Missouri  beyond  the  amount  given  for 
the  latter  river  above  Kansas  City.  Therefore,  in  the  opinion  of  the 
^sitness,  the  chlorine  at  the  mouth  of  Missouri  River  can  be  attributed 
only  in  part  to  the  chlorine  from  Kaw  River,  the  table  showing  that 
the  additions  from  Kansas  City  are  an  important  factor.  (4241- 
4249.) 

With  reference  to  the  effect  of  sewage  from  the  Chicago  drainage 
canal  on  the  water  supply  of  St.  I^ouis,  the  witness  stated  that  from 
all  the  examinations  he  had  made  of  Illinois  River  and  its  tributaries, 
it  was  his  opinion  that  no  part  of  the  original  organic  matter  leaving 
(liicago  through  the  drainage  canal  and  finding  its  way  into  Illinois 
River  could  reach  the  mouth  of  the  Illinois,  much  less  the  intake 
tower  of  the  St.  Louis  waterworks;  therefore  it  was  his  belief  that 
the  sanitary  condition  of  the  water  supply  of  St.  LouLs  was  not  and 
could  not  be  injured  by  any  pollution  from  Chicago.     (4250.) 

The  witness  then  stated  that  the  volume  of  water  going  down 
Illinois  River  is  greater  than  it  was  before  the  opening  of  the  drain- 
age canal,  and  that  inasmuch  as  the  amoimt  of  sewage  per  given 
volume  is  necessarily  less  and  at  the  same  time  this  dilution  pro- 
duces no  enforced  decrease  in  the  bacterial  activity  throughout  the 
channel,  there  can  be  no  decrease  in  the  purification  from  these 
causes.  Floods  carry  into  the  river  an  immense  amount  of  organic 
matter  and  numerous  living  organisms  from  all  the  tributaries.  This 
increases  the  organic  contamination,  irrespective  of  any  original  con- 
tamination which  may  have  been  present.  A  further  effect  of  floods, 
inasmuch  as  the  banks  of  Illinois  River  are  very  low,  is  to  spread  an 
enonnous  volume  of  water  over  an  area  of  many  hundreds  of  thou- 
sands of  acres,  providing  for  the  sedimentation  and  oxidation  to  a 
marked  degree  of  matters  carried  by  the  water  at  these  periods. 
The  conditions  in  Illinois  River,  because  of  the  peculiar  character  of 
the  banks,  are  unique  in  this  respect.  The  overflow  disposes  in  this 
manner  of  a  vast  amount  of  organic  matter  which  in  a  stream  with 
liigh  banks  would  have  to  be  carried  forward.  Inasmuch  as  by  far 
the  largest  part  of  the  water  at  flood  times  leaves  the  natural  channel 
of  the  river  and  is  distributed  over  a  vast  area  of  land,  the  original 
sewage  or  remnants  of  sewage  carried  by  this  water  must  be  in  Hke 
manner  distributed,  and  thus  made  accessible  to  the  purifying  proc- 
esses of  sedimentation  or  oxidation.  The  mtness  then  stated  that 
the  lakes  which  were  backed  up  by  the  various  dams  across  Illinois 
River  offer  large  basins  for  oxidation  and  hold  up  the  water  to  some 
extent  for  that  purpose.  He  further  stated  that  it  was  his  belief 
that  Mississippi  River  at  Chain  of  Rocks  is  not  a  potable  stream  and 
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had  not  been  at  any  near  period  suitable  for  household  use.  (4250- 
4253.) 

In  response  to  questions,  Professor  Long  stated  that  the  addition 
of  a  large  volume  of  Lake  Michigan  water  and  canal  water  flowing 
down  the  Illinois,  which  causes  an  increase  in  dilution,  had  produced 
the  resultant  effect  that  the  water  at  the  mouth  of  Illinois  River 
after  the  opening  of  the  canal  was  in  far  better  sanitary  condition 
than  previous  thereto.     (4254.) 

The  following  hypothetical  question  and  the  reply  thereto  appear 
in  the  record  (pp.  4256-4260): 

Q.  Profeseor,  assume  that  107  barrels  of  40  gallons  each  of  culture  of  BaeiUva  pro- 
digiosus,  consisting  of  1,000,000,000  bacilli  per  cubic  centimeter  as  contained  in  said 
barrel,  were  deposited  into  the  Chicago  drainage  canal  at  the  town  of  Lemont  on  the 
afternoon  and  evening  of  the  6th  day  of  November,  1901,  during  a  period  of  from  four 
to  eight  hours;  assume  further  that  immediately  after  said  barrels  were  emptied  into 
the  drainage  canal  at  the  point  aforesaid  the  laboratories  established  at  Lockport, 
Joliet,  Peoria,  and  Grafton,  on  the  Illinois  River,  at  the  intake  tower  of  the  St.  Louii 
waterworks  at  the  Chain  of  Rocks,  were  notified,  and  that  samples  were  collect«l  %\ 
each  of  these  places  every  hour  of  the  day  and  night  for  the  purpose  of  bacteriological 
analyses  for  the  ascertainment  of  these  Bacillus  prodigtosus;  and  assume  that  at  Lock 
port  th(»8e  hourly  samples  taken  day  and  night  were  taken  from  November  7  to  Noveni 
ber  25,  a  period  of  eighteen  days,  the  total  number  of  samples  taken  being  432,  or  there 
abouts;  assume  that  at  Joliet  these  hourly  samples  taken  day  and  night  were  takel 
from  November  the  7th  to  November  the  25th,  a  period  of  eighteen  days,  the  tola 
number  of  samples  taken  being  about  432;  and  assume  that  at  Peoria  these  hourl; 
samples  taken  day  and  night  from  November  the  8th  to  November  30,  a  period  c 
twenty-two  days,  amounting  to  a  total  of  528,  and  assume  that  at  Grafton  these  hourl; 
samples  were  taken  day  and  night  from  November  12  to  December  15.  a  period  < 
thirty-three  days,  the  total  number  amounting  to  732,  of  which  384  were  analyze 
by  Dr.  Ravold;  and  assume  that  the  total  number  of  samples  taken  hourly  day  an 
night  was  720,  and  assume  that  at  the  laboratory  tap  these  hourly  samples  taken  da 
and  night  from  November  20  until  March  1,  1902,  a  period  of  one  hundred  day 
amounting  to  a  total  of  2,400,  and  assume  that  the  total  number  of  samples  analyzed  i 
the  different  points  for  the  period  above  mentioned  was  5,304;  and  assume  furthi 
that  on  DtH'ember  4  at  8.45  a.  m.  one  bacterium  Bacillus  prodigiosus  was  found  at  tl 
intake  tower  at  the  Chain  of  Rocks;  assume  that  on  December  the  5th  at  9  a.  m.  oi 
Kxcterium  Barillns  prodigiosus  was  found  at  the  intake  tower  at  the  Chain  of  Rock 
a*«sume  that  on  IXxx^mber  the  8th  at  midnight  one  bacterium  Bacillus  prodigiosus  W! 
fv>und  at  the  intake  tower  at  the  Chain  of  Rocks;  assume  that  on  December  6  at  8  a.  i 
at  Grafton  one  Bticilhis  prodigiosus  was  found;  assume  that  on  December  7  at  mii 
nighi  at  Gmfton  one  Bacillus  prtxiigiosus  was  found;  and  assume  further  that  these  fi' 
ory^iinisnij*  wt^n*  all  of  the  organisms  of  prodigiosus  that  were  found  in  the  examinatio 
made  tnnu  lAHkjvrt  to  the  intake  lower  at  the  Chain  of  Rocks  and  the  Uiborator>'  t 
in  the  city  oi  St.  Lmiis,  which  werv  made  during  the  progress  of  this  investigation 
heixMnK  t\*rt^  .<t^t  forth;  that  at  no  time  was  there  more  than  one  bact^um  found 
^^ch  of  ihoii^^  p]ai>^.  A:^uniiiu:  all  of  the  fact?  as  hereinbefore  stated  to  be  true,  wl 
is  your  v^pinivM^  jb*  to  the  \-alue  of  this  expt^riment  as  indicating  the  probable  longevi 
of  tb.o  uphold  Ku  illus  a:?  uio5».'*ur\»il  by  the  longt»\ity  trf  the  B^eiilus  prodigionts  a 
tho  \^rv\»b;\;iy  thai  a  lyphoui  Ku  illii?  enierinir  the  dr^nage  canal  from  the  fiewera 
Clxvoac  *  wou'vl  \ilumau  ly  tiud  it*  w^y  ilm>ugh  ihe  Desplain«6  and  Illinois  rivers  to  t 
toxkr.  oi  Graiun? 
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A.  Considering  the  longevity  of  the  typhoid  bacillus  as  measured  by  the  longevity 
of  the  Bacillus  prodigiosus,  which  consideration  in  no  way  involves  a  knowledge  of 
bacteriology,  but  simply  a  knowledge  of  arithmetic  as  set  forth  in  this  question,  I 
would  say  that  the  suppositions  advanced  in  this  question  indicate  that  the  longevity 
of  the  Bacillus  prodigiosuSy  and  of  the  typhoid  bacillus  as  compared  with  it,  is  so 
extremely  slight  as  to  make  the  probability  of  a  germ  of  this  character  being  able  to 
survive  a  passage  from  the  drainage  canal  to  Grafton  so  remote  as  to  be  entirely  unworthy 
of  consideration.  This  conclusion  depends  on  certain  calculations  which  I  have 
made  and  which  I  will  present.  As  the  various  data  are  given  in  terms  of  the  metric 
gystem,  it  is  necessary  to  make  certain  reductions  in  order  to  be  able  to  reach  a  proper 
concluaon.  First,  it  is  necessary  to  determine  the  concentration  of  the  germs  in  the 
•  canal  water  at  the  time  T7hen  they  were  dumped  from  the  barrels  as  supposed  in  the 
question.  At  this  period  the  flow  in  the  canal  was  almost  exactly  235,000  cubic  feet 
per  minute,  which  I  have  reduced  to  liters  by  xise  of  the  factor  28.3  liters  per  cubic 
foot,  which  is  almost  the  exact  factor,  giving  6,650,000  liters,  very  nearly,  per  minute. 
Reducing  this  number  of  minutes  to  hours,  I  find  that  for  four  hoiu^,  or  two  hundred 
and  forty  minutes,  assumed  to  be  consumed  in  this  addition  of  the  bacteria  to  the  water 
a  volume  of  water  flowed  equivalent  to  1,596,000,000  liters,  or  approximately 
1,600,000,000  liters.  As  the  calculations  are  finally  based  on  the  cubic  centimeter 
rather  than  the  liter,  I  have  reduced  this  volume  to  cubic  centimeters  by  multiplying 
by  1.000,  giving  as  the  volume  of  this  water  in  cubic  centimeters,  into  which  the  sub- 
stance from  the  barrels  was  dumped,  1,600,000,000,000,  or,  expressed  most  accurately 
in  the  method  now  common  among  mathematicians,  1.6  x  10*^.  This  is  the  flow  of  the 
canal  in  cubic  centimeters  in  four  hours.  I  will  say  for  the  purposes  of  comparison  it 
makes  no  difference  whether  we  assume  four  hours  or  eight  hours,  as  the  same  factor 
entere  later  into  the  calculation  at  the  mouth  of  the  river.  We  have  next  to  consider 
from  the  assumptions  of  the  question  the  number  of  bacteria  mixed  with  this  volume. 
One  hundred  and  seven  barrels  of  40  gallons  each  gives  the  amount  of  4,280  gallons, 
which  wheu  reduced  to  liters  give  us  something  over  16,000  liters — 16,017  and  more 
liters— but  in  round  numbers  I  will  use  16,000  liters,  or  16,000,000  cubic  centimeters. 
The  number  of  bacteria  per  cubic  centimeter,  according  to  the  assumption  of  the  ques- 
tion, was  1,000.000,000.  The  total  number  of  bacteria  then  dischaiged  would  be  the 
pnjduct  of  1,000,000,000  per  cubic  centimeter  by  the  number  of  cubic  centimeters, 
V  16.000,000  multiplied  by  1,000,000,000,  which  multiplied  out  gives  us  the  number 
16.000,000,000,000,000,  or,  more  accurately  or  definitely  expressed,  1.6»».  We  have 
therefore  as  the  number  of  bacteria,  following  the  assumption  of  the  question,  which 
miBt  have  been  thrown  into  the  canal,  1.6'*,  as  given.  As  the  number  of  cubic  centi- 
m^'lere  into  which  this  number  was  thrown  was  given  as  1.6'^,  the  quotient  of  one  of 
these  by  the  other  gives  the  concentration  of  10  at  the  fourth  power,  or  10,000  bacteria 
^  the  cubic  centimeter,  on  the  assumption  that  the  mixing  or  dumping  took  place 
through  a  period  of  four  hours.  We  have  therefore  as  concentration  10,000  to  the 
cubic  centimeter.  Now,  supposing  this  wedge  of  water  to  pass  down  the  river  abso- 
Jately  unchanged,  and  supposing  further  that  no  increase  or  decrease  in  this  number 
^  bacteria  should  follow  by  death  or  by  any  other  means,  it  is  simply  a  statement  of 
^  to  say  that  we  should  find  10,000  per  cubic  centimeter  at  some  corresponding  time, 
in  some  part  of  the  river  below;  but  admitting  the  fact  that  a  change  by  dilution  fol- 
^ifB  by  taking  up  the  water  of  the  tributaries  and  through  the  uneven  flow  of  the 
^ater,  the  particles  moving  more  rapidly  in  the  center  than  along  the  sides  of  the 
'^Tf^am,  a  certain  dilution  must  be  calculated — must  be  admitted  as  taking  place  in 
this  volume.  From  the  fact  that  these  samples  were  all  found  within  a  four-day 
P^od,  or  rather  these  bacteria  were  all  found  in  samples  collected  in  a  period  of  four 
'JayB,  as  presented  in  the  question,  I  have  calculated  this  original  volume  of  water  as 
•iiluted  with  the  volume  of  water  which  flows  at  the  mouth  of  the  river  in  a  period  of 
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four  days.  On  that  assumption  a  number  of  at  least  200  should  be  found  per  cubic 
centimeter  for  each  cubic  centimeter  examined,  on  the  assumption  that  no  death  or 
loss  of  these  bacteria  takes  place  anywhere  in  the  course.  As  a  matter  of  fact,  not  200 
were  found  in  1  cubic  centimeter,  but  a  very  large  number  of  examinations  had  to  be 
made  to  find  a  cubic  centimeter  in  which  there  was  one  contained.  It  is  evident  that 
an  enormous  destruction  of  these  organisms  must  take  place  between  the  point  at 
which  the  bacteria  were  thrown  in  and  the  mouth  of  the  river,  where  the  examinations 
were  made.  The  actual  finding  is  not  over  one  ten-thousandth  of  what  should  Iv- 
expected  from  107  barrels  on  the  assumption  that  these  oi^nisins  did  not  die  out;  that 
is,  we  find  less  than  one  ten-thousandth  of  the  expected  amount.  If  we  consider  a 
number  less  than  107  barrels  as  added — one  barrel,  for  example — the  probability  of 
any  oiiganism  of  this  character  reaching  the  mouth  of  the  Illinois  River  is  lees  than  one 
chance  in  1,000,000.  If  we  consider  one  barrel  or  one  one-hundredth  of  a  barrel  ah 
added,  the  chance  of  one  of  these  organisms  reaching  the  mouth  of  the  river  and  being 
found  in  a  cubic  centimeter  becomes  correspondingly  reduced.  Therefore,  without 
involving  any  question  of  bacteriology,  but  simply  a  question  of  calculation,  it  is  evi- 
dent that  the  probabilities  of  any  number  of  bacteria  in  a  given  small  volume  reaching 
the  mouth  of  the  Illinois  River  is  extremely  remote  and  not  one  which  can  be  practi- 
cally or  seriously  considered.     (4256-^260.) 

Continuing,  the  witness  stated  that  the  longevity  of  the  typhoid 
bacillus  being  measured  by  that  of  the  Bacillus  yrodigiosus,  and  the 
fact  being  taken  into  account  that  in  the  large  number  of  examina- 
tions made  at  Lockport,  Joliet,  and  Peoria  no  B.  prodigiosus  were 
found,  and  further  that  only  the  small  number  mentioned  were 
obtained  at  the  mouth  of  the  river  and  from  the  intake  tower  at 
Chain  of  Rocks  and  in  the  water  supply  of  St.  Louis — none  at  all 
before  December  4  and  none  after  December  8 — it  is  practically 
improbable  that  a  typhoid  bacillus  with  longevity  and  virility  as 
measured  by  that  of  the  B.  prodigiosus  would  ever  survive  the  pas- 
sage down  the  drainage  canal  and  Illinois  River  and  enter  the  water 
supply  of  St.  Louis.     (426 1 . ) 

CROSS-EXAMINATION. 

In  reply  to  an  inquiry  concerning  which  tests,  chemical  or  bacte- 
riological, the  witness  considered  most  important,  he  stated  that  it 
was  impossible  to  determine;  both  are  of  equal  importance  in  some 
cases,  while  in  others  one  will  take  precedence  over  the  other.  He 
stated  further  that  his  direct  testimony  on  the  sanitary  condition  of 
the  water  of  Illinois  River  was  not  altogether  based  on  chemical  and 
bacteriological  tests,  but  also  on  his  general  opinion  of  the  sanitary 
condition  of  river  water.     (4264-4266.) 

The  witness  made  the  following  general  statement  of  his  opinion 
concerning  pollution  and  the  interpretations  of  analytical  results: 
The  most  objectionable  pollution  in  a  river  consists  of  the  products 
of  human  excretion ;  as  to  which  particular  product  the  witness  could 
not  give  an  opinion  as  biologist  or  bacteriologist,  but  he  concurred  in 
general  with  the  accepted  opinion.  With  reference  to  the  specific 
character  of  pollution  the  witness  stated  that  the  origin  of  the  vege- 
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table  extracts  can  be  pretty  safely  inferred,  because  they  contain 
preeminently  more  bodies  of  the  carbohydrates  and  their  derivatives 
than  the  extracts  of  animal  origin.  Vegetable  extracts  give  marked 
reactions  with  the  permanganate  solution,  but  not  very  marked  reac- 
tions with  the  reagents  measuring  nitrogenous  matter.  This  pecul- 
iarity is  of  value  in  distinguishing  between  the  vegetable  and  animal 
extracts  when  the  organic  matter  is  fresh,  but  it  does  not  appear  to 
the  same  extent  in  the  examination  of  older  substances.  It  is  not 
always  possible  to  differentiate  sharply  between  water  polluted  by 
sewage  and  that  containing  organic  matter  from  swamps.  In  general, 
waters  having  the  latter  contamination  contain  very  much  less  chlo- 
rine than  those  contaminated  by  sewage.  The  amount  of  nitrogen 
in  different  forms  is  also  significant.  The  nitrogen  as  nitrites  seems 
to  be  more  characteristic  of  the  breaking  down  of  the  products  of 
animal  than  of  vegetable  origin.  These  are  the  most  important  fac- 
tors and  the  ones  usually  considered ;  in  addition  it  is  always  desir- 
able to  have  as  much  knowledge  as  possible  concerning  the  character 
of  the  watershed,  the  contribution  of  sewers  in  general,  whether  there 
are  great  industries  and  of  what  kinds,  the  drainage  areas,  and  the 
rate  and  character  of  flow  of  the  river.  Inorganic  pollution  consists 
of  the  mineral  salts,  which  are  the  combination  of  the  so-called 
metallic  elements,  sodium,  potassium,  calcium,  magnesium,  and 
ammonium,  with  the  elements  described  as  chlorine,  sulphuric  acid, 
nitric  acid,  phosphoric  acid,  and  carbonic  acid.  The  substances  known 
as  organic  are  usually  complex  forms — carbon,  nitrogen,  hydrogen, 
and  oxygen,  with  small  amounts  of  sulphur  and  phosphorus.  Organic 
substances  are  distinguished  from  the  so-called  inorganic  matter  by 
the  fact  that  they  undergo  general  decomposition  by  heat  relatively 
raore  easily — in  other  words,  the  distinction  is  based  on  their  degree 
of  stability.  The  witness  then  related  the  conventional  theory  con- 
cerning the  breaking  down  of  organic  matter  and  described  in  a  gen- 
eral way  the  leading  features  of  the  Chicago  sewerage  system  and  its 
effects  on  Lake  Michigan,  Chicago  River,  and  Desplaines  River. 

Throughout  his  cross-examination  the  witness  was  careful  to  state 
that  he  had  confined  his  work  and  his  interpretations  to  purely 
chemical  and  bacterio-chemical  lines  and  had  not  attempted  to  deter- 
mine the  presence  of  infected  matter  in  the  water.  He  further  stated 
that  chemical  analysis  was  beneficial  to  the  sanitarian  only  to  the 
extent  of  showing  the  amount  of  organic  pollution  regardless  of  its 
character,  although  under  certain  conditions  it  does  give  a  clew  to  the 
kind  of  pollution. 

Continuing  along  the  general  subject  of  infection  and  the  relation 
between  polluted  waters  and  water-borne  diseases,  the  witness 
expressed  certain  doubts  concerning  the  conclusions  of  epidemiolo- 
gists and  stated  that,  while  in  some  cases  he  was  inclined  to  accept 
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the  opinion  of  sanitarians  without  advancing  any  original  theories  of 
his  own,  he  had  based  his  opinion  concerning  the  condition  of  Illinois 
River  almost  solely  on  the  results  of  examinations  of  a  chemical  and 
bacterio-chemical  nature.  The  matter  of  possible  infection  was  left 
out  of  consideration  entirely.  He  did  not  consider  it  an  important 
factor  in  his  investigation,  inasmuch  as  his  purpose  was  not  to  deter- 
mine whether  or  not  the  water  was  safe  for  drinking  or  domestic 
purposes,  but  to  determine  the  extent  and  rate  of  destruction  of 
organic  pollution  in  the  waters  in  question  and  to  compare  these 
several  waters  with  each  other.  'He  further  stated  that  it  was  not 
possible  to  assign  any  hard  and  fast  limit  to  the  amoimt  of  polluting 
substances  in  a  water  which  would  be  necessary  to  make  it  unpotable 
and  refused  to  be  led  into  a  discussion  which  would  make  it  necessary 
for  him  to  advance  an  opinion  upon  such  a  subject.  In  forming  his 
conclusions  concerning  the  water,  he  had  not  attached  much  impor- 
tance to  the  opinion  of  epidemiologists,  but  had  preferred  to  refer  to 
the  work  of  others  who  had  made  investigations  parallel  to  his  own. 
(4266-4298.) 
The  following  hypothetical  question  was  then  asked : 

Assuming  that  it  required  twenty  days  for  the  water  in  Illinois  River  to  run  from  its 
source  to  its  mouth  prior  to  the  opening  of  the  canal,  and  that  it  requires  ten  da>T9 
since  the  opening  of  the  canal,  I  would  like  to  ask  you  what  effect  this  time  limit  has 
upon  the  determination  of  whether  or  not  decomposition  has  more  rapidly  taken  place 
during  the  previous  period  than  the  subsequent  period. 

To  this  and  other  questions  the  witness  answered : 

This  time  limit  can  have  no  possible  bearing  on  the  question  of  the  determination  ol 
the  fact  whether  the  decomposition  has  taken  place  more  rapidly  or  not.  The  chemic^ 
analysis  is  made  irrespective  of  the  rapidity  with  which  the  water  comes  down  then-, 
*  *  *  But  supposing  this  more  rapid  flow  is  due  to  enormously  grc»ater  dilution 
instead  of  being  more  dangerous  for  household  consumption,  inasmuch  as  we  are  con 
cerned  only  with  a  small  volume  *  *  *  and  not  with  the  gross  condition,  the  fina 
condition,  instead  of  being  worse,  may  be  better  as  far  as  household  use  is  concerned 

Continuing,  the  witness  stated  that  dilution  does  not  necessarily 
destroy  but  it  renders  less  probable  the  deleterious  effect  in  proportioi 
to  the  extent  of  dilution.  A  comparison  of  the  gross  pollution  of  th< 
Missouri  with  that  of  the  Mississippi  or  of  the  gross  pollution  of  th< 
Illinois  with  that  of  the  Mississippi  is  absolutely  valueless  and  absurd 
It  makes  no  difference  what  the  volume  of  the  body  of  water  is,  thi 
chemist  is  concerned  only  with  that  amount  with  which  one  is  liabl 
to  come  directly  into  contact  in  his  daily  usage  and  as  drinking  watei 
and  the  expression  parts  per  million  or  grains  per  gallon  is  the  onl 
thing  which  a  practical  man  has  to  take  into  consideration.  I 
expressing  results  in  parts  per  million,  etc.,  the  dilution  factor  ^oe 
in.  The  witness  further  insisted  that  it  was  impossible  to  det^rmin 
in  all  cases  the  potability  of  a  water  from  the  analytical  results,  an 
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that  no  fixed  standards  could  be  set  with  reference  to  the  amount  of 
this  or  that  mgredient;  m  connection  with  this  it  was  necessar}^  to 
know  all  the  conditions  and  the  source  of  the  water.  The  witness 
then  stated  that  inasmuch  as  no  one  had  been  able  to  find  the  typhoid 
genns  in  the  water,  it  was  his  belief  that  it  is  highly  probable  that 
there  is  no  reason  for  assuming  that  they  are  there  under  any  condi- 
tions.    (4345-4369.) 

ADOLPH   GEHRMANN. 

DIRECT   EXAMINATION. 

Adolph  Gehrmann  was  called  as  a  witness  in  behalf  of  the  defense. 
In  qualifying  as  an  expert  he  stated  that  his  residence  was  in  Chicago; 
his  profession,  physician  and  bacteriologist.  He  had  been  connected 
with  the  Chicago  department  of  health— during  1893  as  bacteriologist 
and  microscopist  for  the  milk  department;  and  from  January,  1894, 
until  June,  1902,  as  director  of  the  laboratory  and  bacteriologist  for 
the  department.  He  received  his  medical  degree  from  Northwestern 
University  in  1890,  and  had  been  engaged  as  a  teacher  of  bacteriology 
and  hygiene  in  the  medical  department  of  the  University  of  Illinois. 
At  the  time  of  his  testimony  he  was  professor  of  hygiene  in  the  Dear- 
bom  Medical  College  and  professor  of  bacteriology  in  the  Harvey 
Medical  College.  In  connection  with  his  duties  as  director  of  the 
laboratory  of  the  department  of  health  in  Chicago,  he  had  conducted 
the  bacterial  examinations  of  samples  of  water  received  at  the  labora- 
tory. During  1893  he  made  a  weekly  examination  of  the  water  from 
Lake  Michigan  from  the  four  cribs,  and  of  one  sample  from  the  labora- 
tory tap.  From  the  beginning  of  1894  to  the  end  of  his  service  for  the 
department  of  health  samples  were  taken  daily  for  bacteriological 
examination.     (4744-4747.) 

In  the  early  months  of  1899  he  was  instructed  by  the  commissioner 
of  health  of  Chicago  to  arrange  for  the  examination  of  samples  from 
the  Illinois  and  Michigan  Canal,  Desplaines  River,  Illinois  River  and 
its  tributaries,  Mississippi  River,  and  Missouri  River,  and  in  con- 
junction with  Professors  Palmer  and  Burrill  of  the  University  of 
Illinois  and  Professor  Jordan  of  the  University  of  Chicago  elaborated 
plans  for  such  examinations.  The  system  of  collection  was  deter- 
mined and  the  work  was  taken  up  in  the  laboratories  of  these  two 
universities  and  of  the  health  department.  It  was  arranged  that 
from  each  of  the  sampling  points  three  separate  samples  must  be  col- 
lected, each  sample  to  be  represented  by  a  large  and  small  bottle,  mak- 
ing six  bottles  in  all,  and  to  be  identified  according  to  the  usual  pro- 
cedure. The  collectors  were  instructed  in  the  customary  manner. 
(4749-4758.) 
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Th**  following  were  the  sampling  poinUi: 

Pmnts  tU  V'hith  wnkir  imtipkM  were  iato»  for  inve^ligtUifmM  qf  fldta^fi  4tp 

htalth,  tS94  to  190$, 

Illinuiftaml  Mieliigiin  ranal: 

Little  Vermilion  Hiv«n 

Brktgi?ptirt»  5()0  feet  wc*t  ot  j>umpiug 

One  Ettniple  cver^  foor  *ii 

ai&iUm. 

Sangamon  River:                        | 

Lix*ki>iirt. 

<*bandh*rvill<?. 

Norih  tjf  Joliet. 

MiBsiasippi  Rivt^r:                         „ 

South  of  j<ilipt. 

Grufton,     alxivc    lnuqi^H 

Ottawa- 

Riv(^r.                         ^H 

DeflpiiiineB  Rivet; 

Alton,  100  feet  from  efllM 

Lxjck|x>rr. 

Altrm,  ftayt  of  midilnpaiia.   3 

Kankakii*:'  River: 

Al Lulls  midt!tn??*m.                 \ 

Wilmin^n. 

Alton,  wepl  of  inid«tr«uta. 

Illinois  River: 

Alton,  100  (eet  from  we?i  N 

1                     MOTTIH. 

Chain  of  Roekfi,  400  >T*fd*i 

I            Ouawo. 

nois  share.                          ; 
<:;hain  of  Rocks,  tiiain  rhaa^ 

^K       U  SAllr. 

^H     Henry, 

Clmn  of  RtK^ks,  ijilf'l  l**ii'pft 

^^■^      Abovf  Pi?f>rm* 

Chain  of   Rocks,  400  fr*'t  1 

r            Bi'ltiw  Peoria. 

souri  shorts. 

1             Pf-kin, 

JeffeifioD  Barm(*ki)«  *ni»c  huL 

1            Ouvana. 

JefS^iwon    BamfM^kA,    awt  - 

1             BimnisUiWiL 

mream.                               1 

1             KaDlpsviUl^ 

Jeff<?ri»*n  Bamuk^,  |iiJde|T«j 

1             GnifUin.  2  m\\e»  a\mv^  looutli  of  Mlfe- 

Jf  ffpT^cm     Hiirrarkifi.    w«»t  1 

f^isiippi  Hiver. 

siroam. 

Fiix  Rtvt*rL 

Jt^ffer^iin  Bamn'k**.  w**t  lui 

Ottawa.                  ^^^^^^ 

MiflHOiiri  River:                             i 

Vermilion  HtYiT;        ^^^^^^^V 

Fort  B<4lofontiiino>              ' 

La  Sallr.                ^^^^^^ 

WaItT  tap  iit  St.  Loiii.'^ 

The  witness  then  gave  the  names  of  the  samplers,  descril 
methods  of  collecting  and  identifying  the  sampler,  and  presen 
residts  of  his  examinations,  together  with  those  of  D.  B.  Bish 
performed  the  chemical  work  in  the  department  of  health  labc 
(4756-4764.)  Herewith  are  reproduced  the  average  results  of 
nations  made  in  the  said  laboratory  of  water  taken  from 
sampling  points,  July  3  to  November  28,  1899.  For  more  ( 
statements  the  reader  is  referred  to  page.s  4770-4807  of  the 
record . 

C'oimsel  for  the  defense  directed  the  attention  of  the  witnes; 
results  contained  in  the  final  colunm  of  Table  61,  namely,  the  i 
of  bacteria  per  cubic  centimeter,  and  in  response  to  specific  cji 
concerning  his  inter|)retations  the*  witness  testified  as  follows 

A  comparison  of  the  Illinois  and  Michigan  Canal  data  at 
port  with  the  Illinois  liiver  data  at  Averyville  (above  Peoria 
that  there  is  a  diflerence  of  10  to  20  per  cent  in  the  number  of  1 
present,  and  in  some  cases  a  difference  of  100  per  cent  in  favo 
Averyville  sam])lcs,  which  show  a  nuich  greater  bacterial  puri 
those  collected  at  Bridgeport.  The  number  of  bacteria  is  froi 
20  per  cent  less  in  the  Averyville  sam])les  than  in  the  Illin 
Michigan  Canal  samples,  taken  at  Lockport,  and  in  some  c« 
difi'erence  amounts  to  100  per  cent,  indicating  a  greater  b 
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purity  at  Aveiyville.  A  comparison  of  the  Illinois  River  samples  at 
Morris  with  those  at  Bridgeport  and  at  Aveiyville  shows  that  the 
number  of  bacteria  is  not  materially  different  in  the  Morris  and 
Bridgeport  samples^  and  that  those  at  Aveiyville  contain  from  10  to 
20  per  cent  of  the  number  found  at  the  other  two  points,  indicating 
again  a  greater  degree  of  bacterial  purity.  There  is  no  material 
difference  between  the  samples  collected  at  Henry  and  those  at 
Averyville,  except  in  two  instances,  August  8  and  September  30, 
when  the  bacteria  were  much  higher  at  Henry.  The  bacterial  counts 
at  these  two  points  are  from  10  to  20  per  cent  of  the  number  at  Morris, 
showing  much  greater  bacterial  purity  at  these  points  than  at  Morris. 
The  samples  from  Kankakee  River  at  Wilmington  show  only  slight 
differences  in  number  of  bacteria  from  the  Illinois  River  samples  at 
Aver3rville.  In  some  instances  the  count  is  in  favor  of  Kankakee 
River  and  in  others  in  favor  of  Illinois  River,  the  interpretation  being 
that  there  is  no  material  difference  in  the  bacterial  purity  of  these 
two  waters.  The  number  of  bacteria  in  the  Averyville  samples  is  about 
equal  to  that  in  the  tributaries  of  the  Illinois,  and  the  zone  of  self- 
purification  extends  down  to  about  the  location  of  Averyville.  The 
results  of  examinations  of  Illinois  River  water  at  Wesley  (below 
Peoria)  and  Pekin  clearly  indicate  an  increase  of  pollution  in  the 
stream  between  these  two  points,  the  bacterial  purity  at  Averyville 
being  greater  than  at  either.  A  comparison  of  the  bacterial  counts 
of  the  Illinois  and  Michigan  Canal  at  Lockport  and  of  Illinois  River  at 
Wesley  and  Pekin  shows  approximately  the  same  amount  of  bac- 
terial purity.  The  Illinois  River  water  at  Grafton  contains  from  10 
to  20  per  cent  of  the  number  of  bacteria  foimd  at  Wesley  and  Pekin, 
and  is  therefore  of  far  greater  bacterial  purity  than  the  Wesley  and 
Pekin  waters.  The  bacterial  coimts  at  Grafton  and  Averyville  are 
about  the  same.  The  bacterial  purity  of  Mississippi  River  at  Grafton 
is  practically  the  same  as  that  of  Illinois  River  at  Grafton.  The 
samples  from  Illinois  River  at  Grafton  and  from  Missouri  River  at 
Fort  Bellefontaine  show  no  great  difference  in  the  bacterial  content. 
The  series  of  samples  taken  along  the  cross  section  in  Mississippi 
River  at  Chain  of  Rocks  shows  practically  the  same  bacterial  counts 
at  all.  points  and  indicates  a  general  distribution  of  bacterial  purity  or 
impurity  along  the  cross  section.  There  is  no  material  difference  in 
the  number  of  bacteria  in  the  samples  taken  at  Chain  of  Rocks,  400 
feet  from  the  Missouri  shore,  and  in  those  400  yards  from  the  Illinois 
shore.  The  bacterial  content  of  the  samples  taken  along  the  cross 
section  at  Jefferson  Barracks,  below  the  outlet  of  the  St.  Louis  sewers, 
lis  practically  the  same  as  that  of  the  samples  taken  from  the  cross 
section  at  Chain  of  Rocks.     (4808-4819.) 
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It  should  \m  nott*d  in  connection  with  tlie  above  testinuil 
the  witn€*s.s  was  rarofiil  to  iJf^e  th*^  tenn  "Imctcrrnl  purilj 
made  no  refereiirt*  to  the  pathogenic  htirli^ria  or  diM^ase^pi^ 
oiatertA],  his  concl unions  being  based  snlely  on  the  nuitiWjrj 
teria  per  cubic  rentiuicti*r  iri  the  wnlei%  irrejspec^tive  of  their  rhi 

The  \vitru\ss  then  teHtified  that  he  had  made  exuniinttlion*  ti 
mine  the  pre*jence  i}f  the  colon  baeilhis  and  the  typhoid  bacili 
that  the  rejsultift  for  the  colon  bat^jllus  are  recorded  in  the  U 
whieli  Table  61  i.s  an  avernge.  The  typhoid  ba<  iUuH  was  not  h 
any  case.  lie  further  stated  that  he  had  found  the  BocUlm 
ffiomtfi  during  an  exainiunti^ui  of  watetis^  but  that  he  could  n< 
tively  titate  from  nuch  nreMilt  that  it  occurred  normally  in  fhe 
found  in  the  viciuity  of  Ohieago.  lUn  opinion  wan  that  it] 
accidental  entrance  upon  the  culture  phite,  indicutin^  ih 
)>acillu!4  h  occn^sionnlly  i>rcseiit  in  the  vicinity  of  Chicago  an<l 
found  hy  exposing  suitiibU*  nmterial  for  its  growth,     (4S2tM 

T1»e  (Irst  portion  ot  the  cross-examination  was  dev*oted  to  qi 
of  procedure  in  the  luicteriological  exauiinatioii  of  water, 
ctvurse  of  whicli  the  witness  stated  that  a  whole  cubir  f^eiitiii 
water  was  very  rarely  used  for  the  colony  count,  but  the  ex  ft  mi 

wrrr  iniide  by  diliiUnj^  1  v.  v.  with  a  portion  of  stcrrlc  \uti 
cak'uhiting  the  resuh  by  muhiplying  the  amoinit  found  u\ 
plate  by  the  degree  of  dilution.  The  degree  of  dilution  was  d 
in  samples  from  various  ])()rti()ns  of  the  river,  some  being  diliit 
100  and  others  1  to  1,000,  according  to  the  amount  of  dilutioi 
necessary  by  preliminary  experience.      (4S52-4854.) 

After  this  testimony  the  witncvss  was  asked  whether  or 
minute  a  cpiantity  of  water  examined  was  suflicient  to  deternii 
accuracy  the  bacterial  condition  of  the  whole  canal  or  river 
point ;  to  which  he  replied  that  it  was  not  an  exact  demonstn^ 
the  sense  that  a  math(»matical  demonstration  would  be.  but 
results  that  were  comparable  with  other  residts  reached  simila 
at  the  same  time,  or  in  the  sanu*  line  of  work.  The  bacteria 
simply  gave  an  idea  of  the  numlxMs  of  bacteria  present,  witlu 
erence  to  the  kinds,  and  was  not  suflicient  to  indicate  the  pot 
or  unpot ability  of  the  water  or  ttu*  ])r(\sence  or  absence  of  patl 
bacteria.  All  of  this  led  up  to  (piestions  concerning  statement 
by  tlu*  witn(*ss  in  his  direct  examination  with  reference  tocomp; 
bact(»rial  ])urity,and  he  (wplaincul  that  tlie  term  ''bacterial  pur 
not  recognized  as  indicating  tlie  sanitary  condition  of  a  water  ex 
far  as  the  general  activity  of  (h^-omj^osition  is  concerned,  wh 
a  slight   bearing  on  th(»  ((nest ion  of  purity  or  impurity.  (4S54- 

The  cross-examiner  then  led  up  to  a  discussion  of  the  qualit} 
pollution  of  Lake  Michigan  water  at  various  points  and  its  ag< 
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producing  typhoid  fever  in  Chicago.  On  the  admission  of  the  witness 
that  it  was  his  beUef  that  this  disease  in  the  city  was  caused  by  the 
pollution  of  the  water  supply  by  the  city  sewage,  the  cross-examiner 
attempted  to  demonstrate  from  the  testimony  of  the  witness  that 
inasmuch  as  Chicago  sewage  could  pollute  the  water  of  the  lake,  a 
quiescent  body,  for  distances  so  far  from  the  shore  as  had  been  dem- 
onstrated, it  was  reasonable  to  beHeve  that  the  pathogenic  organisms 
of  typhoid  might  exist  for  great  distances  in  a  running  stream — even 
for  a  distance  as  great  as  that  intervening  between  Chicago  and  St. 
Louis  by  way  of  Illinois  and  Mississippi  rivers.  The  witness  repUed 
in  general  that  Lake  Michigan  is  by  no  means  a  quiescent  body  of 
water,  being  subject  to  currents  due  to  winds  and  other  natural  phe- 
nomena, and  that,  in  addition  to  this.  Lake  Michigan  is  a  large  body 
of  comparatively  pure  water,  which,  according  to  his  experience,  is 
much  more  favorable  for  the  preservation  of  the  life  of  typhoid  organ- 
Isms  than  the  more  highly  polluted  water  of  the  drainage  canal  and 
upper  Illinois  River.     (4857-4865.) 

ARTHUR  W.  PALMER. 
DIRECT  EXAMINATION. 

Arthur  W.  Palmer,  called  as  a  \\4tness  in  behalf  of  the  defendants, 
stated  that  he  had  been  for  fifteen  years  professor  of  chemistry  in  the 
University  of  Illinois.  He  was  educated  in  the  public  schools  of  Illi- 
nois and  at  Illinois,  Harvard,  Berlin,  and  Gottingen  universities,  where 
he  had  s|>ecialized  in  chemistry.  He  had  paid  particular  attention  to 
water  analysis,  having  been  engaged  in  that  work  as  a  student,  teacher, 
and  investigator  for  a  period  of  twenty-two  years.     (4903-4904.) 

The  witness  then  related  the  facts  concerning  the  agreement  between 
the  department  of  health  of  Chicago,  the  University  of  Chicago,  and 
the  University  of  Illinois  with  reference  to  the  examination  of  sam- 
ples of  water  from  the  Illinois  River  system.  These  facts  are  as 
related  in  the  testimony  of  Prof.  E.  O.  Jordan.     (4904-4905.) 

The  witness  then  stated  the  location  of  the  various  sampling  points 
included  in  the  accompanying  tables  and  described  the  surroundings 
and  pertinent  facts  in  connection  therewith.     (4905-4922.) 

The  method  of  handling  samples,  the  determinations  made,  and 
their  significance  were  then  described  by  the  witness.     (4922-4938.) 

Pages  4939  to  4976  of  the  record  are  occupied  by  tabular  statements 
of  examinations  made  at  selected  sampling  points  along  the  stream 
during  the  period  from  April  28  to  December  27,  1899.  The  results 
of  examination  of  samples  collected  between  January  1 1  and  October 
8,  1900,  appear  on  pages  4977  to  5026.  The  witness  then  described 
the  significance  of  the  various  entries  in  these  tables.     (5027-5039.) 

He  then  presented  tabular  statements  of  the  average  results  of  the 
aeries  of  determinations.  These  results  are  reproduced  in  Table  62. 
(5040,  6042.) 
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The  witness  then  presented  tables  containing  the  averages  of  deter- 
minations made  during  the  periods  from  June  to  September,  inclusive, 
for  1899  and  1900,  respectively,  and  following  these  read  into  the  rec- 
ord two  other  tables  showing,  first,  the  average  of  determinations 
made  during  the  four  months,  June  to  SeptembA*,  inclusive,  1899  and 
1900,  of  samples  t^ken  from  Illinois  River  at  Grafton,  Mississippi 
River  at  Grafton,  and  Missou."i  River  at  Fort  Bellefontaine,  together 
with  the  highest  and  lowest  determinations  during  these  periods  at 
each  of  the  points  mentioned,  also  the  averages  for  the  same  four- 
month  periods  for  samples  from  a  few  other  selected  points;  second, 
a  similar  statement  based  on  all  the  determinations  during  the  two 
years.      (5047-5054.) 

Evidence  was  then  presented  concerning  the  determination  of  dis- 
solved oxygen  in  an  extensive  series  of  samples  taken  under  special 
conditions  from  specified  points  in  the  canal  and  rivers  under  discus- 
sion. The  determinations  were  made  according  to  the  Winkler  and 
the  I^vy  methods,  and  the  results  appear  in  a  table  occupying  pages 
5062-5068  of  the  record.  The  period  covered  by  these  examinations 
extended  from  the  latter  part  of  April,  1899,  to  the  middle  of  October, 
1900.  With  reference  to  the  remark,  **Test  of  keeping  qualities," 
placed  at  certain  points  in  the  table,  the  witness  explained  that 
although  most  of  the  determinations  were  made  on  the  spot  at  the 
time  of  collection  it  was  desired  to  procure  some  information  as  to  the 
changes  taking  place  in  the  organic  matter  of  the  water  during  trans- 
portation from  the  sampling  point  to  the  labora'tory.  Therefore 
duplicate  samples  were  taken,  one  being  treated  immediately  and  the 
other  being  reserved  for  a  period  varying  from  twelve  hours  to  two 
days,  after  which  the  determination  was  made.  Inasmuch  as  samples 
of  waters  containing  organic  matter  suffer  a  loss  of  dissolved  oxygen 
when  they  are  allowed  to  stand  out  of  their  natural  environment,  a 
great  diminution  is  regarded  as  an  indication  of  inferiority  in  the 
water  as  compared  with  one  in  which  the  diminution  is  slight.  In  the 
samples  so  noted  in  the  table  the  stability  of  the  organic  matter,  or,  in 
other  words,  the  ** keeping  qualities"  of  the  water,  are  indicated. 
(5055^5061.) 

With  reference  to  the  results  of  the  dissolved-oxy gen  determina- 
tions, the  witness  made  the  following  statements:  Illinois  River  water 
contains  at  all  times  a  considerable  percentage  of  the  oxygen  required 
for  saturation,  and  at  times  is  supersaturated.  The  supersaturation 
is  due  to  the  liberation  of  oxygen  by  chlorophyl-bearing  organisms  in 
the  water.  Samples  shipped  to  the  laboratory  before  being  treated 
nearly  always  contained  an  amount  of  oxygen  less  than  the  amount  of 
saturation,  though  those  treated  with  mercuric  chloride  showed  no 
diminution.     It  is  certain  that  the  actual  content  of  dissolved  oxygen 
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expressed  in  the  results  is  in  many  cases  considerably  less  than  the 
actual  amount. 

The  ^\4tness  then  discussed  these  results  in  narrative  form,  calling 
attention  to  the  various  interpreting  features.  As  these  features  are 
clearly  apparent  to  ^he  careful  reader  of  the  table  they  will  not  be 
repeated  here.     (5070-5079.)  ^ 

Three  diagrams  were  then  presented  and  discussed,  showing  graph- 
ically the  changes  taking  place  in  each  of  the  constituents  determined 
in  samples  of  water  taken  from  the  established  f)oints  hereinbefore 
designated  during  the  two  periods  of  investigations,  1899  and  1900. 
These  diagrams  merely  show  in  another  form  the  relations  presented 
in  Table  62  and  therefore  are  not  reproduced  here.     (5080-5097.) 

The  witness  then  introduced  a  series  of  plates, numbered  4  to  15, 
inclusive,  showing  graphically  the  average  proportions  of  some  of  the 
more  significant  constituents  of  the  waters  of  Illinois,  I^Iississippi,  and 
Missouri  rivers,  so  that  the  conditions  during  similar  periods  in  1899 
and  1900  might  readily  be  compared.  These  plates  are  not  here  repro- 
duced, because  the  facts  that  they  are  alleged  to  show  may  readily 
be  taken  from  Table  62.     (5097-5147.) 

A  series  of  tables  containing  the  results  of  examinations  made  by 
the  witness  as  director  of  the  State  water  survey  of  Illinois  was  then 
presented.  These  analyses  include  weekly  samples  taken  from  tht 
following  points: 

Lake  Michigan  at  Chicago,  1897-1900. 

Illinois  and  Michigan  Canal  at  Lockport,  1897-1901. 

Chicago  drainage  canal  at  Lockport,  1900-1901. 

Deeplaines  River  at  Lockport,  1897-1901. 

Desplaines  River  at  Joliet  (east  and  west  sides),  1901. 

Illinois  River  at  Morris,  1897-1900. 

Illinois  River  at  Ottawa,  1899-1901. 

Illinois  River  at  La  Salle,  1897-1900. 

Illinois  River  at  Averyville,  1897-1901. 

Illinois  River  at  Havana.  1897-1900. 

Illinois  River  at  Kampsville,  1897-1902. 

Illinois  River  at  Grafton,  1899-1902. 

Mississippi  River  at  Grafton,  1899-1901. 

Mississippi  River  at  Alton,  1897-1900. 

Mississippi  River  at  Quincy,  1897-1903. 

Kankakee  River  at  Wilmington,  1897-1900. 

Fox  River  at  Ottawa,  1898-1901. 

SiKK)n  River  at  Havana,  1897-1899. 

These  tables,  with  the  subsequent  explanations  and  reiterations  ft: 
purposes  of  evidence,  occupy  pages  5166-5360  of  the  record.  Ave] 
ages  of  the  results  appear  in  Table  63. 
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The  witness  discussed  the  above  results  in  part  as  follows:  Up  to 
the  opening  of  the  Chicago  drainage  canal  the  water  in  the  old  Illi- 
nois and  Michigan  Canal  varied  in  character  but  little  from  year  to 
year,  but  a  great  change  followed  the  opening  of  the  drainage  canal. 
The  relative  proportion  of  organic  matter  in  the  old  canal  was  greatly 
reduced,  although  the  free  ammonia  became  greater  owing  to  the 
more  speedy  oxidation  of  the  organic  matter  facilitated  by  the 
dilution.  The  proportions  of  ingredients  in  the  water  of  the  drainage 
canal  show  notable  variations,  due  to  various  apparent  causes,  but 
the  data  show  that  the  sewage  discharged  from  the  canal  is  far  more 
dilute  than  that  formerly  discharged  through  the  old  Illinois  and 
Michigan  Canal.     (5371-5372.) 

After  noting  the  changes  in  the  character  of  the  water,  as  shown 
by  the  determinations  in  Table  63,  from  the  canals  at  Lockport 
down  to  Averyville,  the  witness  stated  that  it  was  "highly  probable'* 
that  the  organic  substances  introduced  at  Chicago  had  been  com- 
pletely destroyed  by  the  time  the  water  reached  Averyville,  and  that 
the  organic  matter  remaining  was  of  vegetable  rather  than  of  animal 
origin.  The  averages  of  the  Averyville  determinations  show  that 
the  water  at  this  point  contains  considerably  less  organic  matter 
than  is  present  in  the  water  of  the  comparatively  unpoluted  tribu- 
tary streams.      (5388-5389.) 

Calling  attention  to  the  averages  of  the  Havana  samples,  the 
witness  stated  that  enormous  discharges  from  the  distilleries  and 
cow  pens  at  Peoria  and  Pekin  had  created  in  the  stretch  of  45  miles 
of  river  lying  between  these  two  points  and  Havana  what  was  prac- 
tically an  immense  septic  tank.  This  stretch  of  the  river,  especially 
the  upper  part,  had  been  very  offensive.  Nevertheless,  so  active 
had  been  the  natural  processes  of  purification  that  at  Havana  the 
Hater  was  in  practically  as  good  condition  as  at  Averyville,  above 
the  point  of  entrance  of  this  pollution.  The  records  after  the  opening 
of  the  drainage  canal  show,  according  to  the  witness,  a  greatly 
reduced  proportion  of  organic  constituents.     (5392-5393.) 

The  testimony  of  the  witness,  found  on  pages  5394-5451  of  the 
record,  was  devoted  to  a  review  of  the  data  given  in  Table  63.  The 
variations  shown  were  narrated  and  the  figures  presented  in  mani- 
fold ways  and  groups,  both  tabular  and  diagrammatic.  As  nothing 
was  added  by  way  of  evidence  or  deduction,  beyond  that  which  is 
readily  apparent  in  Table  63,  no  digest  of  this  portion  of  the  testi- 
mony will  be  made. 
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The  witness  then  presented  a  diagram  showing  the  relative  pro- 
portions of  upper  i&sissippi  River  water  and  Illinois  River  water 
at  five  points  in  a  cross  section  of  Mississippi  River,  16  miles  below 
the  mouth  of  Illinois  River  and  7  miles  above  the  mouth  of  Missouri 
River,  calculated  from  the  average  chlorine  content  at  those  points 
as  determined  from  weekly  analyses  throughout  1899  and  1900. 
From  this  diagram  it  appears  that  in  1899  the  average  chlorine  in 
Mississippi  River  above  Grafton  was  2.9  parts  per  million  and  in 
the  Illinois  above  Grafton  15.2  parts.  At  the  cross  section  above 
mentioned  the  water  at  the  Missouri  shore  contained  3.2  parts, 
equivalent  to  2.4  per  cent  of  Illinois  River  water.  At  one-fourth 
the  distance  from  the  Missouri  shore  the  water  contained  3.5  parts 
of  chlorine,  equivalent  to  4.8  per  cent  of  Illinois  River  water.  In 
midstream  there  were  4.3  parts  of  chlorine,  equivalent  to  11.3  per 
cent  of  Illinois  River  water.  At  three-fourths  the  distance  from  the 
Missouri  shore,  or  one-fourth  the  distance  from  the  Illinois  shore, 
there  were  5.8  parts  of  chlorine,  equivalent  to  23.5  per  cent  of  Illinois 
River  water,  while  at  the  Illinois  shore  there  were  7.5  parts  of  chlorine, 
equivalent  to  38  per  cent  Illinois  River  water.  The  record  for  1900 
was  given  as  follows: 

Average  chlorine  in  Mississippi  River  water  above  Grafton,  3.1 
parts  per  million;  in  Illinois  River  water  above  Grafton,  13.1  parts. 
Proportions  and  percentages  at  the  five  points  in  the  cross  section, 
taken  in  the  same  order  as  for  1899,  3.5  parts,  equivalent  to  4  per 
cent  Illinois  water;  4.1  parts,  or  10  per  cent;  4.4  parts,  or  13  per 
cent;  7.1  parts,  or  40  per  cent;  7.6  parts,  or  46  per  cent. 

From  these  figures  the  witness  expressed  the  opinion  that  the  waters 
of  Mississippi  and  Illinois  rivers  were  by  no  means  commingled  by 
the  time  they  reached  the  mouth  of  Missouri  River.     (5452-5454.) 

The  witness  then  expressed  the  opinion  that  there  is  no  satisfac- 
tory basis  on  which  a  calculation  of  the  relative  proportions  of 
water  from  Mississippi,  Illinois,  and  Missouri  rivers  entering  the 
intake  at  Chain  of  Rocks  could  be  made,  but  for  all  such  calculations 
the  chlorine  determination  would  be  the  most  satisfactory,  because 
chlorine  is  not,  like  the  various  forms  of  nitrogen,  a  variable  con- 
stituent. It  would  not  be  practicable  to  determine  these  propor- 
tions from  free  ammonia  or  from  nitrites  because  the  amounts  of 
these  constituents  change  by  reason  of  decomposition  processes 
going  on  mthin  the  water.  The  comparative  proportions  of  total 
solids  might  be  used  for  this  purpose  if  the  amoimts  in  the  three  waters 
differed  suflSciently,  but  even  then  errors  would  arise  because  total 
solids  include  both  dissolved  and  suspended  matter.  Variations 
in  the  amount  of  solids  in  suspension,  caused  by  variations  in  velocity 
of  flow  or  in  character  of  material  underlying  the  stream  bed  and 
constituting  the  banks,  would  take  place  without  any  corresponding 
changes  in  the  amount  of  water  contributed  by  the  stream.  Esti- 
mates of  proportional  contribution  based  on  suspended  matter 
would  be  unsatisfactory  for  the  same  reason.     (5452-5457.) 
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Further  testimony  of  the  witness,  occupying  pages  5459-5511,  in- 
clusive, comprised  the  narration  of  chemical  facts  given  in  Table  63, 
together  with  amplifications  of  the  same,  accompanied  by  diagrams. 
Included  in  this  part  of  the  testimony  were  diagrammatic  represen- 
tations of  the  stages  of  water  in  Illinois,  Mississippi,  and  Missouri 
rivers,  scaled  in  with  coincident  analytical  records,  the  purpose  of 
which  was  to  show  that  increase  in  the  determinations,  such  as  total 
oiganic  nitrogen,  free  and  albuminoid  ammonia,  etc.,  were  the  result 
of  or  were  attended  by  increased  flow  in  the  rivers,  and  were  not 
caused  by  increase  in  polluting  material.  The  witness  believed  that 
the  fact  that  these  changes  took  place  in  the  water  of  Mississippi  and 
Missouri  rivers  as  consistently  as  in  that  of  the  Illinois  was  important 
evidence  that  the  apparently  imf avorable  changes  in  the  composition 
of  the  Illinois  water  were  not  the  result  of  pollution  from  the  Chi- 
cago drainage  canal.  In  other  words,  he  was  of  the  opinion  that 
such  pollution  had  not  changed  the  character  of  the  water  of  Mis- 
sissippi River  at  Chain  of  Rocks.     (5511-5512.) 

The  witness  offered  in  evidence  the  results  of  analyses  of  special 
cro^-section  samples  taken  as  follows: 

Illinois  River  at  Averyville,  July  21,  1899,  and  November  26,  1901. 

Illinois  River  at  Wesley,  July  22,  1899. 

Illinois  River  at  foot  of  Terminal  Bridge  [Pekin],  November  26,  1901. 

Illinois  River  below  Pekin,  November  26,  1901. 

Illinois  River  at  Grafton,  January  5,  and  July  28,  1899. 

Mississippi  River  ^t  Grafton,  January  5  and  18,  February  15,  May  24,  and 

July  28,  1899. 
Mississippi  River  at  Hartford,  July  7  and  August  17,  1900. 
Mississippi  River  at  Chain  of  Rocks,  April  14  and  December  7, 1899. 
Mississippi  River  at  Alton,  December  6,  1899. 

He  then  made  the  following  statements :  At  Averyville  the  waters 
are  substantially  uniform  in  quality  throughout  the  entire  section. 
At  Wesley  the  waters  are  not  imiform,  the  greatest  amount  of  pol- 
lution being  near  the  west  shore.  The  same  is  true  at  the  Terminal 
Bridge.  Substantially  uniform  conditions  prevail  throughout  the 
cross  sections  in  Illinois  River  at  Grafton.  The  waters  of  Illinois 
and  Mississippi  rivers  are  not  perfectly  commingled  at  Hartford,  that 
of  the  Illinois  persisting  mainly  along  the  Illinois  shore.  The  cross- 
section  samples  at  Mitchell,  2  miles  below  the  mouth  of  Missouri  River, 
show  that  the  three  bodies  of  water  remain  distinct.     (5515-5525.) 

Pages  5532-5558  of  the  record  contain  the  analytical  results  of 
further  examinations  made  during  October,  November,  and  Decem- 
ber, 1901,  of  samples  taken  from  the  following  points: 

Illinois  River  at  Averyville. 
Illinois  River  at  Pekin. 
Illinois  River  at  Grafton. 
Mississippi  River  at  Grafton. 
Missouri  River  at  Fort  Bellefontaine. 

Mississippi  River  at  Chain  of  Rocks  (Illinois  shore,  midstream,  intake  tower, 
and  Missouri  shore). 


V 
198  poLi^rnoN  of  ri\^rs  by  Chicago  sewage. 

Coneeming  the  figures  the  witness  stated  that  the  waters  of  the 
three  rivers — Mississippi,  Illinois,  and  ilissouri — show  great  differ- 
ences, and  that  water  from  the  Illinois  is  deflected  toward  the  east- 
em  shore  of  the  Mississippi  and  only  small  proportions  of  it  come 
into  immediate  contact  with  water  from  the  Missouri.  In  total 
oxygen  required  the  waters  from  the  three  rivers  rank  from  highest 
to  lowest  in  the  following  order:  Missouri  River,  Mississippi  River, 
Illinois  River.  In  oxygen  required  by  matter  in  solution  the}'  rank 
from  highest  to  lowest  in  the  following  order:  Mississippi  River,  Illinois 
River,  Missouri  River.  Comparison  of  the  results  from  the  three 
rivers  in  1901  with  results  in  1899  showed  improvement  in  the  Mis- 
sissippi and  Illinois  River  waters  and  deterioration  in  the  Missouri 
River  water.     (5559-5563.) 

With  reference  to  the  amount  of  prganic  matter  in  the  water  of 
Illinois  River  before  and  after  the  opening  of  the  drainage  canal,  the 
witness  stated  that  the  results  of  determinations  of  organic  nitrogeu 
by  the  Kjeldahl  pn)cess  on  samples  taken  from  Illinois  River  at 
Kampsville  during  1897  to  1902,  inclusive,  showed  an  average  of 
1.087  parts  j>er  million  before  the  opening  of  the  canal  and  0.8966 
part  per  million  afterwards.  This  represents  a  decrease  of  17.48  per 
cent.  Similar  data  for  dissolved  organic  nitrogen  showed  a  decrease 
of  17.92  j>er  cent  for  the  three  years  after  the  opening  of  the  canal. 
During  the  same  period  there  was  25  per  cent  decrease  in  the  albu- 
minoid ammonia,  6  per  cent  increase  in  free  Ammonia,  40  per  cent 
decrease  in  nitrites,  and  15.67  per  cent  increase  in  nitrates.  (5567- 
5573.) 

The  witness  then  entered  into  a  long  and  very  much  involved 
discussion  of  the  amounts  of  organic  nitrogen  discharged  into  Des- 
plaines  River  during  the  years  immediately  before  and  subsequent 
to  the  opening  of  the  canal,  and  the  persistence  of  the  same  doim- 
stream.  Numerous  tables  were  given,  showing  amounts  in  tons, 
etc.,  all  of  which  made  an  interesting  and  clever  discussion  of  the 
nitrogen  question,  but  can  hardly  be  said  to  be  particularly  relevant  to 
the  case  at  hand.     The  matter  occupies  pages  5575-5627  of  the  reconl. 

In  closing  his  direct  testimony  the  witness  drew  the  following 
conclusions: 

First.  The  opening  of  the  Chicago  drainage  canal  improved  the 
condition  of  the  water  in  Illinois  River  all  along  its  course. 

Second.  The  waters  of  the  Illinois  above  its  mouth,  of  the  Missis- 
sippi above  the  mouth  of  the  Illinois,  and  of  the  Missouri  above  its 
confluence  with  the  Mississippi  are  unfit  for  drinking  purposes  in  the 
raw  state. 
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Third.  The  discharge  of  sewage  from  the  Chicago  drainage  canal 
does  not  injuru)usly  affect  the  water  of  the  Mississippi  along  the  east- 
em  border  of  the  State  of  Missouri,  but,  on  the  contrary,  the  influx  of 
pure  water  from  Lake  Michigan  into  Illinois  River  has  caused  a  more 
complete  destruction  of  the  organic  matter  from  Chicago  sewage  than 
under  former  conditions,  when  said  sewage  was  discharged  through 
the  Illinois  and  Michigan  Canal.     (5640-5643.) 

CROSS-EXAMINATION. 

With  reference  to  the  accuracy  and  significance  of  his  analytical 
work  on  the  streams  of  Illinois,  the  witness  presented  the  following 
opinions : 

The  analyses  placed  in  the  record  throw  much  light  on  the  sanitary 
condition  of  the  water,  but  do  not  directly  determine  the  absence  or 
presence  of  disease  organisms.  They  do,  however,  show  the  presence 
or  absence  of  sewage,  and  therefore  indicate  the  possible  presence  or 
absence  of  substances  which  as  a  class  are  objectionable  in  drinking 
waters  for  the  reason  that  they  themselves  or  the  substances  which 
accompany  them  are  deleterious  to  health  when  introduced  into  the 
system  through  drink.  **The  basis  for  the  detection  of  the  presence 
and  the  kind  and  the  characteristics  of  the  disease-producing  organisms 
and  substances  which  in  sewage  and  waters  at  times  accompany  the 
chemical  constituents  found  in  these  fluids  rests  mainly  upon  the 
various  chemical  reactions  and  decompositions  which  said  organisms 
and  substances  produce  and  the  chemical  substances  which  result 
from  their  action.''  Without  a  recognition  of  the  significance  of  the 
cbemical  changes  which  disease-producing  organisms  bring  about, 
there  would  be  no  means  of  determining  their  presence  in  running 
water,  but  this  branch  of  the  science  is  called  bacteriology.  (5644- 
5647.) 

The  substances  whose  presence  and  proportion  are  shown  by  the 
ordinary  sanitary  analysis  include  those  which  serve  as  the  food 
supply  of  micro-organisms,  together  with  the  substances  of  which 
those  micro-organisms,  both  the  good  and  the  bad,  are  made  up. 
Chemistry  does  determine  the  harmful  substances  or  the  toxins, 
but  in  ordinary  analytical  work  no  practicable  method  is  known  for 
separating  these  substances  and  determining  their  proportions.  The 
chemist  can  distinguish  between  those  nitrogenous  organic  matters 
that  are  of  a  proteid  character  and  serve  as  a  food  supply  for  micro- 
oiganisms  and  other  nitrogenous  organic  matters  that  are  not  proteid 
in  character,  but  are  the  products  of  vital  processes,  such  as  toxins. 
(5650-5652.) 
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With  reference  to  the  frequency  of  the  detenninations,  the  witness 
said: 

While  it  is  always  desirable  to  have  as  many  analyses  as  is  possible,  and  even  more 
than  the  number  which  I  made  for,  say,  *  *  *  Kampsville,  practical  reasons 
*  *  *  prevented  my  making  more  *  ♦  *  during  the  periods  covered  in  my 
testimony,  and  it  is  my  opinion  that  the  evidence  ♦  *  *  submitted  covers  the 
case  reasonably  well.  ♦  *  ♦  The  water  of  Illinois  River  at  Kampsville  has  not 
been  at  other  times  during  the  period  in  question  materially  different  from  the  condi- 
tion revealed  by  the  analyses  which  I  have  submitted  in  evidence.     ♦    »    ♦ 

It  is  quite  possible,  in  the  opinion  of  the  witness,  that  different 
samples  taken  at  the  same  point  at  the  same  time  and  by  the  same 
collector  would  show  a  material  difference  in  chemical  constituents 
when  analyzed  by  different  chemists,  but  the  averages  of  a  consider- 
able number  of  such  samples  would  not  be  materially  different, 
although  no  table  of  averages  would  give  a  correct  representation  of 
the  water  in  this  stream  at  all  times.     (5660-5661.) 

The  witness  stated  that  the  analytical  methods  used  by  Professor 
Jordan  of  the  University  of  Chicago,  by  Mr.  Bisbee  of  the  Chicago 
health  department,  and  by  himself  were  substantially  the  same. 
(5658-5659.) 

The  following  questions  and  answers  appear  on  page^  5663-5666  of 
the  record: 

Q.  Professor,  referring  to  Table  No.  20,  of  the  series  of  Tables  1  to  80,  inclusive,  intro- 
duced and  read  in  evidence  by  yourself,  and  to  Table  178,  being  tables  introduced  by 
the  defendants  and  known  as  defendants'  tables  of  streams  examinations,  1  to  196, 
which  constitute  a  part  of  the  testimony  of  Mr.  Bisbee,  we  find  upon  comparison  of 
these  tables  that  during  the  month  of  September,  1899,  there  were  samples  collected 
by  the  water  takers  at  that  p>oint,  and  these  samples  are  known  in  the  evidence  of  those 
water  takers  as  companion  samples,  one  of  each  of  which  was  shipped  to  you  and  the 
other  shipped  to  Mr.  Bisbee,  and  of  these  samples  you  analyzed  four,  the  analyses  of 
which  were  made  by  you  September  7,  September  14,  September  21,  and  September 
28;  and  of  these  samples  Mr.  Bisbee  analyzed  three,  to  wit,  September  7,  September 
14,  and  September  21.  These  samples  were  collected  on  the  6th,  13th,  20th,  and  27th 
days  of  September,  1899.  Upon  your  determination  of  the  chemical  constituents  ol 
those  samples,  you  found  that  on  September  7  to  contain  1.0  of  organic  nitrogen;  of  the 
samples  analyzed  on  the  14th  of  September  you  found  0.84  of  organic  nitrogen,  and  of 
the  sample  analyzed  on  the  21st  of  September  you  found  1.0  of  organic  nitrogen,  and 
the  sample  examined  by  you  on  the  28th  of  September  you  found  0.82  of  organic 
nitn)gen.  Mr.  Bisbee  in  his  analyses  found  contained  in  the  sample  analyzed  by  him 
on  September  7,  total  organic  nitrogen,  0.60;  that  analyzed  on  the  14th  of  September, 
organic  nitrogen,  1.04,  and  that  analyze<l  by  him  on  the  21st  day  of  September,  total 
organic  nitrogen,  0.76,  no  analyses  having  btn^n  made  by  him  of  the  sample  collected 
on  the  27th  of  Septemln^r  so  far  as  organic  nitn^n  was  concerned.  All  these  samples 
wen*  taken  from  the  Illinois  River  at  Kamix^ville.  Now,  do  not  these  analyses  show 
upon  a>mpivris*on  a  material  difference  with  refen»nce  to  the  constituent  known  as 
total  oi^inic  nitn»g<Mi  in  the  waters  of  the  Illinois  River  at  Kampsville  for  the  month  of 
September,  1899,  innuparatively  speaking? 
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A.  They  do  not,  in  my  opinion,  show  a  substantial  difference  in  the  content  of  total 
organic  nitrogen  in  the  water  of  the  Illinois  River  at  Kampsville  during  the  month  of 
September,  1899,  for  the  reason  that  they  are,  in  my  opinion,  partly  the  result  of  differ- 
ences in  the  details  of  the  method  used  in  the  determination  of  the  total  organic  nitrogen, 
although  the  method  employed  wbs  in  general  the  same  in  both  cases,  that  is,  in  the 
analyses  made  by  Mr.  Bisbee  and  those  made  by  myself,  and  for  the  further  reason  that 
the  averages  for  the  month — that  is,  the  average  proportion  for  the  three  analyses  made 
by  Mr.  Bisbee — namely,  those  made  upon  samples  collected  upon  the  6th,  the  13th, 
and  the  20th  of  September,  1899,  respectively,  and  those  made  by  me  upon  samples 
collected  upon  the  same  days  in  the  same  month  of  1899,  which  samples  were  collect€Hi 
^ultaneously  with  those  analyzed  by  Mr.  Bisbee,  for  I  find  that  the  average  for  the 
three  determinations  made  by  Mr.  Bisbee  were  0.8  part  per  million,  the  average  for 
the  three  samples  analyzed  by  me  corresponding  to  the  three  examined  by  Mr.  Bisbee 
were  0.95,  a  much  less  difference  than  is  indicated  between  certain  of  the  individual 
determinations  included  in  these  six  analyses. 

Q.  I  will  ask  you.  Professor,  if  that  difference,  taking  the  average  difference  between 
the  examinations  made  by  Professor  Bisbee  and  those  made  by  yourself,  does  not 
amount  to  18.8  per  cent,  counting  yours  as  100  per  cent,  or  as  being  accurate? 

A.  Assuming  as  the  basis  for  the  calculation  my  own  average,  0.95,  the  difference 
between  the  two  averages  is  15.78  percent,  while  taking  Mr!  Bisbee's  average  of  0.8  as 
the  basis  of  the  calculation  the  difference  is  18.75  per  cent. 

Q.  Now,  may  not  these  same  differences  of  40  per  cent,  23.8  per  cent,  and  24  per  cent 
have  occurred,  even  though  you  had  made  the  analyses  in  both  instances,  for  the  month 
of  September  instead  of  having  been  made  one  by  yourself  and  the  other  by  Mr. 
Bisbee? 

A.  In  my  opinion  they  would  not. 

Q.  Is  it  a  fact  that  Mr.  Bisbee's  results  are  always  higher  or  lower  than  yours,  or  do 
they  not  vary  first  one  way  and  then  the  other? 

\.  So  far  as  I  am  aware  they  vary  in  both  directions,  some  of  them  being  higher  and 
s)me  of  them  being  lower  than  my  own. 

Q.  Now  I  will  ask  you.  Professor,  if  it  is  not  a  fact  that  a  comparison  of  the  analytical 
resultsof  the  samples  of  water  collected  in  September,  1899,  at  Kampsville  and  examined 
by  yourself  and  by  Professor  Bisbee  do  not  show  either  a  very  rapid  change  in  the 
<4iemical  condition  of  that  water  or  do  not  show  extensive  variations,  chemically 
speaking,  in  the  water  at  that  time  and  place  and  even  on  the  dates  and  at  the  hour  of 
ri)ilecting  the  samples? 

A.  In  my  opinion,  these  variations  in  the  results  of  the  analyses  do  not  indicate 
4milarly  considerable  variations  in  the  actual  content  of  the  total  organic  nitrogen  in 
the  water  samples  collected  at  the  same  date  and  hour,  nor  do  they  show  rapid  varia- 
tirms  in  these  substances  contained  in  the  water;  but,  in  my  opinion,  the  variations  in 
the  determinations  as  recorded  in  the  tables  you  have  quoted  are  very  largely  the 
Tf^sult  of  differences  in  the  details  of  the  method  employed  in  making  these  determina- 
tions, to  which  I  have  referred  in  my  answer  to  the  preceding  question. 

Q.  Do  those  variations — to  wit,  variations  comparatively  speaking,  shown  between 
the  analyses  made  by  yourself  and  those  made  by  Mr.  Bisbee — result  from  differences 
in  accuracies  or  differences  in  inaccuracies? 

A.  Doubtless  they  are  in  part  due  to  both;  but  in  my  opinion  in  the  main  they  are 
due  to  variations  in  the  details  of  the  processes  to  which  I  have  referred  in  my  answers 
U)  the  two  preceding  questions. 
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No  allowance  had  been  made  in  reporting  the  ftn&ljiical 
presented  in  the  evidence  (jf  the  witness  for  orroris  resultii 
-  changes*  iii  organic  matter  during  the  jjeriod  of  transit  from  s 
point  to  laboratory,  because  the  conditions  go%^erning  thes* 
were  similar  tliroughoirt  the  six-j^ear  period.  ConeequfH' 
changes  as  had  occurred  would  affect  all  the  samples,  and  t 
the  ba^^is  of  comparison  of  the  first  half  with  the  hiwt  half  of  sa 
would  not  be  affectetl.  The  variations  arising  from  cons 
sample  taken  at  any  time  as  representative  of  the  wat-er  in  ( 
stream  are^  in  the  opinion  of  the  witness,  eliminated  in.  a  lont 
analyses^  and  a  series  of  results  is  affordetl  that  may  be  c 
strictly  comparable,     (5680-56H3,) 

Q.  Prtiftssor»  aesuining  tlmt  there  i»  discharged  into  th^  lUinois  River, 

fhf  drainage  amal,  the*  w^wtLK^  fTOm  l.ho  rily  (if  diinM^t?.  which  r-cinUins  « 
inmii  which  pr»xlurt^  typhoid  fever;  assuming  ihai  tlumv  oT^m&ma  ai^nf  & 
acti^r  and  that  tJiey  hvc*  in  the  »owix^e  fif  Cbi^-agf^,  (in*  dnunrt^>  (-jiiulL  uiii  I 
the  lUinois  River  from  fivt'  U>  thirty  day**  or  mon\  ilisi»ppj>uj'itig  \>y  dealh 
from  ftv**  Uy  thirty  dayw  or  more,  until  at  the  end  oi  thirty  diiy^  tir  mr^rr  ftU  \ 
innocuous;  uwuming  fuHher  tluit  they  Ih»w  down  tlie  ranid  to  th**  lltindit 
the  water  and  with  lltemroe  veliK*ity  as"  the  wtit(^  in  ihf^  i/annl  and  ihr»  rivt 
that  the  jBe^n  veloc^ity  Jroin  Chicago  to  St.  Louis  i*i  eightt*en  day*i.  lueii 
avenig*^lifc  of  them*  orgnnifTim^  has  expired  utsome  jw*int  l>etwe**n  Avc*fyvil 
ion,  hut  aflsume  alio  ihai,  m^  heretofr»re  s^tiUed*  th^'  extji>mo  life  limit*  will 
in  thirty  dayj^  or  mon-  in  a  pnint  far  helnw  St,  lj(»urfl,  Stati-  wlir^ihiT  nr  n 
averages  upon  the  life  limit  of  these  ()r2:anisnis,  which  shows  that  such  ;i 
})laci'  at  Honie  jxjint  in  the  river  l>('tw<'en  Averyville  and  (irafton.  <^an  1» 
sanitarian  <>r  hy  a  sanitary  clicinist  as  proof,  from  a  practical  Siinifary  stan 
no  such  (lisease-])ro(lii(in^  organisms  ])ass  a  i^iven  point  l)etwoen  Avoryvil 
ton  and  do  not  reach  the  St.  Louis  intake  at  the  Chain  of  Rocks  and  pas.- 
city  of  St.  Louis. 

A.  It,  in  my  opinion,  can  not:  hut  the  conditions  ])revailin^  in  the  Mis-i 
l)etween  (Irafton  and  the  Chain  of  Rocks  as  to  tlie  mixinjj:  of  the  waters  in 
with  the  waters  of  tlie  Mississij)pi  and  the  waters  of  the  Missouri  rend(T  it,  in 
highly  im])rol)ahle  that  any  (•<>nsi(hrahh'  pro{)ortion  of  such  pathogenic  i;* 
he  cont-ain<'d  in  the  waters  of  the  Illinois  at  (irafton  that  is.  if  w<'  grant  th< 
of  th<Mpiestion  -])asses(lown  the  Mississip])i  to  the  point  helow,  St.  Louis, 
into  the  int^ike  of  the  St.  Louis  waterworks.     i5tJ94-5G97. j 
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THOMAS  J.  BURRILL. 
DIRECT   EXAMINATION. 

Thomas  J.  Bunill,  called  as  a  witness  in  behalf  of  the  defend- 
ants, stated  that  lie  had  graduated  from  the  Illinois  State  Normal 
University  in  1863,  having  specialized  in  biology,  and  that  since  that 
time  he  had  been  engaged  continuously  in  botanical  studies,  espe- 
cially cryptogamic.  He  had  been  teaching  botany  at  the  University 
of  lUinois  for  thirty-five  years  and  at  the  date  of  testimony  was 
professor  of  botany  there.  He  had  lectured  before  diflFerent  societies 
in  this  country  and  in  England  and  had  received  the  degrees  of  M.  A., 
Ph.  D.,  and  LL.  D.  He  had  made  numerous  oflBcial  water  studies  in 
the  State  of  Illinois.     (57 1 1-57 16.) 

Beginning  in  May,  1899,  the  witness  made  a  series  of  bacterio- 
logical examinations  of  samples  from  selected  points  on  Illinois 
River  and  tributaries,  including  the  Chicago  drainage  canal,  in  col- 
laboration with  Professors  Palmer  and  Jordan.  The  results  of  these 
examinations  are  set  forth  in  Table  64.     (5724-5725.) 

In  introducing  the  above  results,  the  witness  stated  that  the  decrease 
in  the  number  of  bacteria  between  Morris  and  Ottawa  is  out  of  all 
proportion  to  that  which  would  be  caused  by  the  dilution  received 
from  tributary  streams,  indicating  that  there  has  been  a  considerable 
(l^ree  of  purification.  The  decrease  is  maintained  to  Averyville, 
where  the  number  equals  that  of  ordinary  river  water  not  subject  to 
contamination,  proving  that  the  pollution  from  Chicago  has  practically 
disapp)eared.  The  same  is  true  at  Grafton.  The  figures  further  show 
that  there  is  practically  no  difference  in  bacteriological  purity  between 
the  waters  of  Illinois  River  above  Grafton  and  of  Mississippi  River^ 
above  Grafton,  but  that  the  water  from  Missouri  River  at  Fort  Belle- 
fontaine  has  greater  contamination  than  the  other  two.  The  witness 
could  not  state  probable  causes,  but  noted  that  the  temperature  of 
Missouri  River  was  lower  than  that  of  the  Mississippi,  which  had 
something  to  do  with  the  lessened  rate  of  decrease — that  is,  in  lower- 
ing the  activity  of  the  bacteria  that  destroy  the  organic  matter. 
(5748-5749.) 

The  witness  then  gave  the  results  of  his  tests  for  Bacillus  coli  com- 
munis  during  June,  July,  August,  and  September,  1899  and  1900. 
The  figures  in  Table  65  are  based  on  the  diagrams,  page  5754,  and 
there  may  be  some  small  errors  due  to  incorrect  reading  of  the  scales. 
TTiey  are  probably  not  significant,  however. 
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Table  65. — Identification  of  BacUlus  coli  communis  in  Illinois  and  Mississippi  Hvers 
and  tributary  streams,  1899-1900 ,  by  percentage  cf  total  tests. 


Sampling  polht. 


Desplaines  River  at  JoUet 

Kankakee  River  at  Wilmington 

Illinois  River  at  Morris 

Illinois  River  at  Ottawa 

Fox  River  at  Ottawa 

Illioois  and  Michigan  Canal  at  La  Salle  . 

Vermilion  River  at  La  Salle 

Illinois  River  at  IjB,  Salle 

Illinois  River  at  Henry 

Illinois  River  at  Averyville 

Illinois  River  at  Wesley 

Illinois  River  at  Pekin 

Illinois  River  at  Havana 

Sangamon  River  at  Chandlerville 

Illinois  River  at  Beardstown 

Illinois  River  at  Kampsville 

Illinois  River  above  Grafton 

Mississippi  River  above  Orafton 

Mississippi  River  at  Alton 

Missourt  River  at  Fort  Bellefontaine. . . 
Mississippi  River  at  Chain  of  Rocks 


Percent 

pod- 

tive. 

1809. 

1900. 

lOD 

43 

37 

58 

71 

33 

43 

30 

30 

22 

90 

46 

43 

40 

40 

13 

27 

31 

23* 

17 

100 

88 

91 

87 

50 

46 

^t 

36 

45' 

47 

45 

M 

17 

53 

30 

38 

26  , 

45 

62 

91 

74 

In  discussing  the  diagrams,  the  witness  pointed  out  that  BadUus 
coli  communis  was  found  more  frequently  in  Missouri  River  at  Fori 
Bellefontaine  than  in  Illinois  River  above  Grafton,  and  somewhat  less 
frequently  in  Mississippi  River  above  Grafton  than  at  either  of  the 
other  two  places.  The  least  number  of  positive  results  was  found 
at  Averyville.     (5756.) 

The  witness  then  gave  the  following  results  of  examinations  made 
during  October  to  December,  1901.     (5761-5769.) 

Table  66. — Average  results  of  examinations  of  water  from  designated  points y  October  to 

December,  1901. 


Sampling  point. 


Illinois  River  at  Averyville • 

Illinois  River  at  Pekin 

Illinois  River  above  Grafton 

Mississippi  River  above  Grafton 

Missoun  Klver  at  Fort  Bellefontaine 

Mississippi  River  at  Chain  of  Rocks  (average  of  four  points) 

lUlnoTs  shore 

Midstream 

Intake  tower 

Missouri  shore 


Average 

number  of 

Percent 

bacteria  per 

B.coU 

cubic  centi- 

communisu 

meter. 

13.691 

6.2 

299,000 

7.« 

8.441 

10.7 

5,407 

11.5 

127,353 

57.1 

63,402 

411 

52,177 

21.7 

43.185 

SO 

127,862 

36.3 

32.845 

57 

The  witness  then  stated  that  the  conclusions  to  be  drawn  from  the 
above  results  are  the  same  as  those  from  the  series  of  1899  and  1900. 
He  pointed  out  that  the  cross-section  samples  at  Chain  of  Rocks  show 
that  the  pollution  is  least  at  the  Illinois  shore  and  increases  to  the 
Missouri  shore.     (5773.) 
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The  witness  then  stated  that  the  sewage  of  Chicago  does  not  pro- 
duce any  effect  on  Mississippi  River.     (6774-5775.) 

CROSS-EXAMINATION. 

From  experiments  made  on  the  longevity  of  Bacillus  prodigiosvs 
the  witness  had  come  to  the  conclusion  that  the  germ  does  not  persist 
in  water  for  a  great  length  of  time,  especially  when  associated  with 
water  bacteria.  He  had  never  observed  them  to  Uve  longer  than  five 
days.     (5792.) 

Xo  further  new  facts  were  brought  forward  in  the  cross-examination 
of  Professor  Burrill. 

EDWIN  OAKES  JORDAN. 
DIRECT    EXAMINATION. 

Edwin  Oakes  Jordan,  called  as  a  witness  in  behalf  of  the  defendants, 
qualified  by  stating  that  he  was  associate  professor  of  bacteriology  at 
the  University  of  Chicago  and  had  been  connected  with  that  univer- 
sity in  various  positions  from  associate  through  the  various  grades  to 
his  present  app>ointment.  He  graduated  from  the  Massachusetts 
Institute  of  Technology  in  1888  and  then  studied  for  a  time  at  the 
College  of  Physicians  and  Surgeons  in  New  York.  After  this  he  was 
for  nearly  two  years  in  the  employ  of  the  Massachusetts  State  board  of 
health  in  connection  with  work  being  done  at  the  Lawrence  experi- 
ment station.  Subsequent  thereto  he  went  to  Clark  University,  at 
Worcester,  Mass.,  where  he  received  the  degree  of  doctor  of  pliiloso- 
phy.  He  remained  there  until  he  went  to  Chicago  in  1892.  During 
his  term  of  service  at  the  Lawrence  experiment  station  he  had  charge 
of  the  bacterial  work  and  was  familiar  with  the  chemical  work,  having 
received  training  therein  at  the  Massachusetts  Listitute  of  Technology. 
He  had  taught  public  hygiene  at  the  University  of  Chicago  for  several 
years,  and  in  lectures  on  that  subject  had  been  obliged  to  deal  with 
the  classic  epidemics  of  this  country  and  abroad;  he  had  also  studied 
several  epidemics  at  first  hand.  He  was  at  Lowell  for  a  short  time 
with  Professor  Sedgwick  during  the  typhoid  epidemic  there,  and  since 
had  visited  Stamford,  Conn.,  where  there  had  been  an  epidemic  of 
typhoid  fever,  attributed  to  infected  milk.  More  recently  he  had 
visited  Ithaca,  N.  Y.,  and  examined  the  watershed  of  the  stream 
which  was  the  source  of  water  supply  for  that  town.  He  had  given 
considerable  attention  to  what  is  known  as  bacteriological  sanitary 
science,  including  epidemiology  and  water  chemistry.     (5805-5807.) 

In  connection  with  his  work  on  Illinois  River  he  stated  that  there 
were  three  periods  of  investigations,  one  extending,  from  April,  1899, 
to  the  end  of  the  year;  the  second  from  January  1  to  the  end  of  June, 
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1900,  and  the  third  from  October,  1901,  to  January  1,  1902.  These 
investigations  included  samples  from  the  Illinois  and  ^Cchigan  Canal; 
the  Chicago  drainage  canal ;  Illinois  River  and  its  branches,  the  Des- 
plaines,  Kankakee,  Fox,  Vermilion,  and  Sangamon;  Mississippi  and 
Missouri  rivers,  and  Lake  Michigan.  The  location  of  the  sampling 
stations  which  were  maintained  during  these  investigations  ^lU  be 
indicated  in  the  tabular  statement  of  analytical  results.     (5807-5809.) 

The  third  series  of  investigations  at  designated  points  was  under- 
taken by  agreement  with  the  authorities  of  the  State  of  Missourit 
Branch  laboratories  were  estabUshed  under  direction  of  the  witness 
at  Peoria,  Grafton,  and  St.  Louis.  That  at  Peoria  was  in  charge  of 
F.  W.  Schule,  that  at  Grafton  in  charge  of  W.  S.  Sayer,  and  that  at 
St.  Louis  in  charge  of  E.  E.  Irons  and  W.  G.  Sackett.  All  four  of 
these  men  qualified  in  testimony.  They  sent  in  written  reports  of 
their  work  at  weekly  intervals,  keeping  duplicate  copies  of  these 
reports  on  file  at  the  separate  laboratories.  The  greaj^r  part  of  the 
work  was  carried  on  in  the  laboratory  of  the  University  of  Chicago 
by  the  witness  with  the  assistance  of  Prof.  F.  L.  Stevens  and  by 
W.  G.  Sackett  and  E.  E.  Irons,  except  during  the  periods  when  they 
were  engaged  in  the  branch  laboratories.  The  witness  stated  that 
in  selecting  the  men  to  take  samples  at  the  various  stations  a  special 
effort  had  been  made  to  obtain  the  services  of  trustworthy  pereons. 
Full  directions  and  instructions  were  given  to  these  men,  a  reproduc- 
tion of  which  appears  on  pages  581 1-5812  of  the  record.  The  witness 
then  related  the  various  methods  of  procedure  and  discussed  the 
determinations.  The  routine  work  in  the  bacteriological  analysis 
consisted  of  a  determination  of  the  number  of  bacteria  capable  of 
forming  colonies  upon  a  nutrient  agar  plate  and  a  determination  of 
the  relative  abundance  of  the  Bacillus  coli  communis,     (5809-5814.) 

The  witness  then  gave  the  results  of  the  determinations  made  in 
the  first  and  second  periods,  the  evidence  being  read  into  the  record 
in  tables  designated  from  81  to  158,  inclusive.     (5818-5950.) 

The  average  results  of  these  examinations  are  given  in  Table  67. 
(5958-5959.) 

The  witness  then  gave  his  interpretations  of  the  results  of  the  analy- 
ses in  the  series  of  1899  as  follows: 

The  water  in  the  Illinois  and  Michigan  Canal  at  Bridgeport  and 
Ijockport,  as  well  as  that  of  Desplaines  River  at  Joliet  and  of  Illi- 
nois River  at  Morris,  contains  a  large  amount  of  nitrogenous  organic 
matter  in  the  early  stages  of  decomposition.  The  high  proportion 
of  chlorine  indicated  the  greatest  pollution  during  the  period  cited; 
also  the  large  amount  of  bacteria  present  in  the  samples  showed  that 
there  were  in  the  water  substances  capable  of  serving  as  food  for  this 
great  abundance  of  organisms.  The  tables  further  show  that  at  Ottawa 
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a  very  great  change  has  taken  place  in  the  composition  of  the  river 
water,  due  to  dilution  from  Kankakee  River  as  well  as  to  oxidation 
and  sedimentation.  This  change  is  manifested  especially  by  the 
diminution  in  the  amoimt  of  albuminoid  ammonia,  the  increase  in 
the  amount  of  nitrites  and  nitrates,  and  particularly  by  the  enor- 
mous diminution  in  the  bacterial  content.  This  purification  con- 
tinues with  the  passage  of  the  river  downstream,  and  by  the  time  the 
water  reaches  Averyville  its  character  has  so  improved  that  its  qual- 
ity is  comparable  with  ordinary  surface  waters  in  the  United  States, 
and  especially  with  that  of  the  tributaries  of  Illinois  River.  (5819- 
5845.) 

Below  Averyville  the  analyses  show  the  influence  of  the  large  influx 
of  polluting  material  from  Peoria  and  its  stockyards  and  distilleries, 
evidenced  by  the  increase  in  albuminoid  and  free  ammonia  and  in  the 
number  of  bacteria.  Additional  pollution  is  shown  in  the  Pekin 
samples,  but  f^om  this  point  to  the  mouth  of  the  river  the  purification 
follows  a  generally  progressive  course  until  at  Grafton  the  amount  of 
free  and  albuminoid  ammonia  and  the  oxygen  consumed,  the  num- 
ber of  bacteria,  and  the  relatively  high  amoimt  of  nitrites  all  bear 
witness  to  the  practically  complete  oxidation  of  the  enormous 
amount  of  organic  matter  with  which  the  river  water  is  laden  at 
Lockport  and  Peoria.     (5847-5859.) 

Concerning  the  analyses  made  in  1900  the  witness  stated  that  the 
samples  taken  from  the  Chicago  drainage  canal  showed  considerable 
dilution  as  compared  with  the  water  in  Chicago  River.  Examination 
of  the  analyses  of  samples  of  water  from  Illinois  River  at  Morris 
showed  that  the  river  is  charged  with  a  large  amount  of  organic 
matter,  as  is  evidenced  by  the  large  amount  of  nitrogen  in  the  form  of 
albuminoid  and  free  ammonia,  by  the  oxygen  consumed,  and  by  the 
high  number  of  bacteria.  Considerable  purification  is  shown  by  the 
Ottawa  samples,  all  the  ammonia  and  oxygen  consumed  determina- 
tions being  smaller  and  the  number  of  bacteria  being  a  little  more  than 
one-fourth  of  the  number  in  the  river  water  at  Morris  during  the  same 
period:  At  Averyville  a  still  greater  purification  is  shown;  the  same 
polluting  influences  at  Peoria  and  Pekin  as  in  1899  are  apparent  in 
this  series,  and,  finally,  a  nearly  complete  purification  is  shown  in  the 
determinations  at  Grafton.  The  self-purification  of  Illinois  River  dur- 
ing the  whole  period  1899-1900  is  noticeable  in  character  and  extent, 
both  at  high  and  low  water  and  at  high  and  low  temperature,  and 
shows  convincingly  that  under  the  conditions  prevailing  in  the  Illi- 
nois Valley  the  self -purification  of  streams  *'is  not  an  interesting 
biolog:ical  myth  but  an  actual  and  definite  occurrence."  (5963-5965.) 
IKR  194—07 14 
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So  far  as  the  chemical  and  bacterial  conditions  show,  the  condition 
of  niinoiB  River  at  Kampsville,  Averyville,  and  Grafton  differs  but 
sfightly  Mid  in  insufficient  particulars  from  the  water  of  the  tributary 
streams.  The  witness  then  made  the  comparisons  shown  in  Table  68. 
(5W3-5967.) 

Tabus  68. — Comparison  cf  samples  from  Illinois  River  and  from  its  tributaries  at  stated 

poinU,  1899-1900, 


SampUng  point. 


^nnVBtefm  River  At  Wilmington . .. 

Foi  RiTerftt  Ottawa. 

Venniiion  River  at  La  Saiie 

SaQgamon  River  at  Chandlerville . 

lUinoU  River  at  Averyvlilc 

lUioote  River  at  KampdvtUe 

lUinoifl  River  at  Grafton 


Albuminoid  ammonia 
(parts  per  million). 


June  to 

December, 

ISOO. 


a352 


.447 


.400 


January  to 
June,  1900. 


0.327 
.42 
.285 
.239 
.366 
.445 
.432 


Oxygen 
eonsuined 
(parts  per 
million). 

May  to 

Deopmlier, 

1899. 


Bacteria  per  cubic 
centimeter. 


&6 
*7'8* 


June  to 

Decern  Iter, 

1899. 


5,000 
6,500 
7,970 
5,080 
3,670 
4,810 
10,210 


January  to 
June,  1900. 


16,100 
20,600 
19,200 
24,200 
51,800 
a3,700 
21,100 


In  considering  the  two  cycles  of  self-purification  which  Illinois 
River  uiid^!'goes  in  its  course,  the  witness  pointed  out  the  similarity 
in  the  character  of  the  water  at  Kampsville  and  Averyyille,  the 
former  being  about  124  miles  from  the  great  source  of  pollution  at 
Peoria  and  the  latter  about  130  miles  from  the  great  source  of  pollu- 
tion at  Lockport.  Throughout  the  period  the  presence  of  sewage 
from  Chicago  at  Kampsville  is  not  shown  by  any  of  the  chemical  deter- 
mmations  except  that  of  chlorine,  which  is  absolutely  devoid  of 
sanitary  significance  so  far  as  purification  of  the  stream  is  concerned, 
because  it  would  be  possible  for  a  stream  in  the  condition  of  Illinois 
River  at  Kamf>sville  to  be  passed  around  the  world  several  times  in 
a  closed  condiiit,  consuming  years  or  decades  in  the  process,  without 
materially  altering  the  amount  of  chlorine  in  the  water;  and,  in  the 
judgment  of  the  witness,  on  the  supposition  that  the  water  were  at  the 
outset  injurious  to  health,  in  the  course  of  such  a  passage  and  in  such 
a  time  it  would  become  entirely  free  from  any  injurious  quaUties  it 
mi^t  have  originally  possessed.  (5968-5969.) 
I  The  witness  then  presented  charts  showing  the  amounts  of  chlorine, 
\  albuminoid  ammonia,  and  free  ammonia,  and  the  number  of  bacteria 
per  cubic  centimeter  at  the  various  sampling  points  in  Illinois  River 
during  the  two  periods,  and  also  a  chart  showing  a  comparison  be- 
tween the  nujnber  of  bacteria  in  Mississippi  and  Illinois  rivers  above 
Grafton  during  the  entire  period.  These  charts  are  reproduced  here- 
with- (Figs.  1  to  50  The  witness  pointed  out  that  they  show  the 
ccMidition  of  the  water  throughout  the  river  in  1900  to  be  superior  to 
that  in  1899  and  that  the  chart  showing  the  comparison  of  the  num- 
ber of  bacteria  in  Mississippi  and  Illinois  rivers  is  favorable  to  the 
I    Illinois.     (5971-6980.) 
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The  witness  then  took  up  the  discussion  of  certain  bacteriological 
determinations  which  he  made  along  Illinois  River  between  Morris 
and  Ottawa,  at  Wesley,  and  at  Grafton,  the  interval  between  the 
examinations  in  each  series  being  one  hour.  The  first  of  this  series 
was  made  at  Morris,  October  7,  1899.  The  day  was  clear  and  sunny, 
the  temj>erature  of  the  air  being  7°  C.  at  6  oVlock  in  the  morning  and 
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Fig.  1. — Diagram  showing  average  chlorine  in  Deaplaines  and  Illinois  rivers.  May  and  June,  18H9and 

1900. 

20.5°  C.  at  midday.  A  slight  breeze  ruffled  the  surface  of  the  water 
in  the  middle  of  the  da}^  but  was  at  no  time  strong.  The  river  was 
low  and  the  current  exceedingly  sluggish.  Two  cross  sections  of  the 
river  were  selected  and  three  samples  were  taken  hourly  at  approx- 
imately equidistant  intervals  from  one  another  and  from  the  shores. 
The  upper  cross  section  was  at  a  point  just  above  the  confluence  of 
Mazon  River  wdth  the  Illinois,  the  lower  about  three-fourths  of  a  mile 
below  the  mouth  of  Waupecan  Creek.  Little,  if  any,  wat^r  was  pass- 
ing into  the  Illinois  from  these  tributaries  on  this  dfete.  The  stretch 
defined  by  these  two  cross  sections  is  almost  exactly  3  miles,  and  the 
rate  of  flow,  as  determined  by  floats  and  fluorescein,  was  found  to  be 
very  close  to  one-half  a  mile  per  hour.  The  samples  were  plated 
immediately  after  collection.  In  Table  69  are  given  the  results  of  the 
work.     (6984-6986.) 
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Fig.  r..— Diagram  showing  bacteria  in  Mississippi  and  Illinois  rivers  at  Grafton,  111.,  May  24, 18»,to 

June  29, 1900. 
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Table  69. — RemlU  of  bacteriologuMl  determinations  at  Morris,  October  7,  1899. 

UPPER  STATION. 


Time. 

Sampling  point. 

Bacteria 

per  cubic 

centimeter. 

Turbidity 
(Haven's 
acaie). 

Tempera- 
ture of 
water 

(OC). 

13  . 

13 

13 

13 

13 

13 

ia5 

13 
13 
14 
14 
14 

Chlorine 

(parts  per 

million). 

(Right  bank 

{Center 

500,000 
378,000 

42,000 
368,000 
344,000 

35,000 
752,000 
364,000 

30,000 
554,000 
472,000 

79,000 

0.16 
.12 
.075 
.17 
.125 
.0775 
.16 
.11 
.0675 
.16 
.11 
.075 

6.15  a.  m 

(Left  bank 

(Rigtitbank 

<Center 

7:15  A,  m 

iLeftbank 

JRigiitbank 

<Center 

115  a.  m 

91 
60 

Left  bank 

Rigtitbank 

^Center 

ILeftbank.. 

45 

9.15  a.  m 

LOWER  STATION. 


1115  p.n 
1.15  p.ni. 
115p.ni. 
115  p.m. 


Right  bank. 

Center 

L«ftbank... 
Right  bank. 

Center 

Left  bank... 
Right  bank. 

Center 

Left  bank... 
Right  bank. 

Center 

Left  bank... 


480.000 

0.13 

327,000 

.15 

87,000 

.05 

281,000 

.1475 

102,000 

.09 

19,000 

.042 

400,000 

.13 

240,000 

.09 

22,000 

.045 

412,000 

.136 

416,000 

.12 

11,000 

.0433 

16 

16 

16.5 

16 

16 

16 

17 

16 

16 

17 

16 

17 


87 
72 
52 
82 
78 
53 


AVERAGES. 


Upper  station 

Lower  station 

i'ncentage  of  decrease 


Bacteria 

per  cubic  centimeter. 

Numl)er 

Right 
bank. 

Center. 

Left  bank. 

46,500 

34,750 

25.3 

of  hourly 

543,700 
393.250 

389,700 
273,500 

29.8 

4 
4 

In  discussing  the  above  table,  the  witness  directed  attention  to 
what  he  believed  to  be  a  great  bacterial  purification  between  the  two 
stations  and  pointed  out  that  the  determinations  show  a  much  better 
water  along  the  left  bank,  which  is  due  to  the  fact  that  at  these  two 
stations  the  water  from  Kankakee  River  predominates  along  that 
side  of  the  stream  and  the  mixing  of  this  water  and  that  from  the 
Desplaines  is  incomplete. 

The  second  series  of  observations  was  conducted  November  9,  10, 
and  11,  1899,  and  was  similar  to  that  already  outlined,  except  that 
it  covered  a  more  extended  stretch  of  the  river,  namely,  from  Morris 
to  Ottawa,  the  two  being  about  24  miles  apart.  At  the  time  these 
observations  were  made  the  rate  of  flow  averaged  about  one-half 
mile  per  hour.  At  Seneca,  a  point  about  midway  between  these  two 
stations,  a  third  cross  section  was  selected.  During  the  observations 
the  sun  was  wholly  obscured  by  clouds,  but  no  rain  fell.     (5986-5988.) 
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Table  70. — Results  of  bacteriological  determinations  at  Moms,  Seneca,  and  Ottavsa, 

November  9-11,  1899. 

MORRIS  (NOVEMBER  9). 


Time. 


Sampling  point. 


7.1Sa.  m.. 
11.30  a.m. 
2  p.  m 


[Rl 
|R1 


Right  bank. 

Center 

Left  bank... 
ight  bank. 

•{Center 

iLeftbank... 

(Right  bank. 
Oenter. 
Left  bank... 


Bacteria 
per  cubic 
oejitimeter. 


433,000 
337,000 

30.000 
177,000 
145,000 

17,000 
174,000 
131,000 

49,000 


Turbidity     Tempera- 
(Har*n'8        tureof 
acale).      water  (*»C.). 


a  153 
.13 
.046 
.17 
.18 
.02 
.15 
.135 
.05 


SENECA  (NOVEMBER  10). 


9  a.  m  . 


(Right  bank. 
Icenter 


1.30  p.m. 


I  Left  bank... 

[Right  bank. 

.!•{  Center 

I  [Left  bank... 


7 

7 

7 

7.25 

7.25 

7.25 

3 

3 

3 


Chlorine 
(parts  per 
million). 


67.5 
47.5 

8 


134,000 

47.000 

23,000 
67,000 
52.000 
52,000 

Less  than 

0.09. 
More  than 

0.07. 

as 

as 

as 
11 
11 
11 

51 
44 
35 


OTTAWA  (NOVEMBER  11) 

t 

10  a.  m .*- 

Right  bank 

Onter 

!J;«o||i^„,,„ 

[         as 

\         as 

1          as 

as 

as 

a  5 

49 
46 

I  Left  bank..- 

Right  bank 

Center 

3,900 
12,000 
11,000 
18,000 

1      0.04. 

43 

Ip.m 

1  Left  bank 

AVERAGES. 


Morris.. 
Seneca.. 
Ottawa. 


Bacteria 

per  cubic  centimeter. 

Number 
of  analy- 
ses. 

Rightbank. 

Center. 

Left  bank. 

29,000 
35,000 
13,500 

261,000 

100.000 

11.. %0 

204,000 
49.000 
10,700 

3 
2 
2 

In  discussing  the  above  results  the  witness  stated  that,  according  to 
the  figures,  IlHnois  River,  during  this  flow^  of  24  miles  became  nearly 
free  from  the  great  mass  of  sewage  bacteria  with  which  it  w^as  origi- 
nally laden — in  fact,  the  bacterial  content  of  the  Illinois  at  Ottawa 
on  the  above  dat«  was  not  greatly  in  excess  of  that  of  the  local  tribu- 
tary streams. 

He  then  reviewed  the  results  of  the  chemical  determinations  made 
during  the  regular  examinations  at  the  Chicago  laboratory  during  the 
period  between  October  23  and  November  20,  1899,  the  points  of  col- 
lection being  Morri»  and  Ottawa.  These  results,  according  to  the 
witness,  show  that  a  considerable  degree  of  nitrification  takes  place  in 
the  river  between  these  two  stations. 


TESTIMONY    OF    EDWIN    O.  JORDAN. 


219 


The  third  series  of  observations  was  made  at  the  same  points  as  the 
second  series,  May  24,  25,  and  26.  The  sun  was  partially  obscured 
May  25,  but  shone  brightly  on  the  remaining  two  days;  no  rain 
occurred  during  the  period.  The  results  are  presented  in  Table  71. 
(5988-5990.) 

Table   71. — Results  of  bacteriological  determinations  at  Morris,  Seneca,  and  Ottawa^ 

May  24-26,  1900, 

MORRIS  (MAY  24). 


Time. 

Sampling  point. 

Bacteria 
per  cubic 
centimeter. 

45,000 
74,000 
42,000 
60,000 
34,000 
39,000 
98,000 
62,000 
30,000 
70,000 
63,000 
48,000 

Tempera- 
ture of 
water  (*C.). 

Chlorine 
(parts  per 
miUion.) 

7  JD  a.  m , 

might  bank 

|Cenier 

16.5 

17.5 

18 

15.5 

17 

18 

15.75 

17 

18 

16 

17 

18 

20 
13 

ILeft  banlc 

Right  bank 

^Center 

8 

9  JO  a.  m f. 

(Left  bank 

Right  bank 

^Center 

11^  &.  m 

Left  bank 

Right  bank 

Center 

(Left  bank 

2  p.  in.« 

21 
14 
6 

SENECA  (MAY  25). 


(Right  bank.. 
7J»)a.  m ^Center 

(Left  bank... 

I  (Right  bank.. 
**.3t)a.  m '{Onter 

(Left  bank 

(Right  bank.. 
IIJO  a-in {  Center 

(Left  bank... 

[Right  bank.. 
l-»p.  m ^Center. 


:  (Left  bank. 


13,800 
11,700 

las 

19.5 
16 

4,100 

13 

12,700 

17 

14,000 

16,000 

4,500 
4,100 

17.  5  1 

3,000 

5,500 
6,700 
13,100 

18.5 
18.8 
19.7 

16 
15 
12 

OTTAWA  (MAY  26). 


^^  a.  m . 

U  ft.  m  .  - 
i-flOp-  m. 


Right  bank. 

Center 

Left  bank... 
Right  bank. 

Center 

Left  bank... 
Right  bank. 

Onter 

Left  bank... 


15 
14 
13 
17 
15 
14 
17 
16 
14 


«  SAiapies  were  taken  at  this  time  and  submitted  to  chemical  examination,  with  the  following  results 
statcHl  in  p&rts  per  million: 

I      Right 
'      bank. 


Center. 


Ei^dup  on  evaporation: 

TotAl 

Diaaol  vod 

Suspended 

Chtortne 

OxTgien  consumed: 

Toxad 

Bj  dissolved  matter. . 

By  suspended  matter. 

Free  ammonia 

Uhfxminoid  ammonia: 

ToC*l 

Disaol  v«hI 

Suspended 

>ritrit«s 

Kitrmtefl 


232 

230 

2 

21 


a  6 
ai 

.5 
2.28 


246 

244 

2 

14 


7.2 

ao 

1.2 
1.08 


.256 

.296 

.224 

.224 

.032 

.072 

.072 

.050 

.4 

LI 

Left  bank. 


308 

285 

23 

6 


as 

4.7 
4.1 
.24 

.240 
.168 
.072 
.040 
.95 
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Table  71. — Remits  of  bacteriological  determinaiioni  at  Morris y  SenMa,  and  Otuwa, 
May  24-i6,  idOO— Continued. 


AVBRAQE8. 


Bacteria  per  cubic  oentiinpter. 

Nindic 

Right 
bank. 

68,200 
9,100 
8,200 

Center. 

Left  bank. 

•et. 

Morris 

58,200 
9,100 
7,700 

39,800 
10,300 
6.300 

4 

Seneca. 

4 

Ottawa 

3 

The  witness  stated  that  the  above  results  show  a  more  complete 
mixing  of  the  Kankakee  and  Desplaines  waters,  also  a  smaller  num- 
ber of  bacteria,  than  in  the  determinations  Ynade  in  1899.  It  should 
be  remembered  in  this  connection  that  this  last  aeries  of  examinik- 
tions  was  made  after  the  opening  of  the  Chicago  drainage  canal. 
The  witness  then  made  the  following  statement: 

I  Bee  no  escape  from  the  conclusion  that  in  this  flow  of  approximately  24  miles  tiw* 
Illinois  River,  which  at  Morris  contained  a  laige  number  of  bacteria,  in  all  probability 
derived  more  or  less  directly  from  the  sewers  of  Chicago,  freed  itself  from  these  bac- 
teria to  a  remarkable  and  impressive  degree  in  a  short  distance  and  in  a  relatively 
short  space  of  time.     (5091.) 

These  observations  on  the  bacterial  content  of  the  river  at  Morris 
and  Ottawa  indicated  that  a  very  large  proportion  of  the  bacteria 
entering  at  Lockport  do  not  survive  long  enough  to  reach  Ottawa, 
which  fact  renders  it  improbable  that  disease  germs  can  pass  down 
the  stream  as  far  as  this  point.  Since  the  sewage  bacteria  disap- 
peared so  largely,  it  is  fair  to  assume  that  the  various  nonspore- 
forming  pathogenic  bacteria  must  die  out  at  least  in  the  same  pro- 
portion. In  giving  this  opinion,  the  witness  stated  that  he  was 
taking  into  consideration  all  the  knowledge  that  he  possessed  of  the 
life  of  pathogenic  germs  and  their  relation  to  sewage  bacteria.    (5993.) 

The  witness  then  described  some  cross-section  experiments  which 
he  had  made  at  Wesley,  June  13, 1900,  the  results  being  as  follows: 

Table  72. — Results  of  bacteriological  determinations  at  Wesley ,  June  IS,  1900. 


Right  bank 

Center 

l^ft  bank  . 


IT— ««,    '    Albumi- 

Bacteria 
per  cabte 
oentimet«r. 

a504  1           a864 
.144               .248 
.168               .240 

40,001 
2,40b 

According  to  the  witness,  the  large  amount  of  pollution  entering 
the  river  from  Peoria  on  the  right  bank  is  clearly  shown  in  this  series 
of  samples,  the  quantity  of  free  and  albuminoid  ammonia  and  the 
nimiber  of  bacteria  being  very  much  greater  on  the  right  than  on 
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tite  left  bank  of  the  stream.  He  then  stated  that  on  a  number  of 
occasions  both  in  1899  and  1900  similar  cross-section  samples  were 
taken  from  DKnois  River  at  Grafton,  but  only  the  determination  of 
bacteria  per  cubic  centimeter  was  made.  In  a  general  way  the 
nesulte  showed  that  the  samples  taken  near  the  right  and  left  banks 
ef  Ae  stream  were  not  materially  different  from  those  taken  at  the 
center,  the  mixing  of  the  water  being  complete  at  this  point.  Shght 
Tsriations  were  sometimes  noticed,  but  they  were  not  confined  to 
Miy  particular  portion  of  the  stream.     (5992-5993.) 

Tlie  witness  then  took  up  the  discussion  of  Bacillus  coli  communis, 
and  in  response  to  leading  questions  gave  the  following  testimony: 

BadOus  ccli  communis  in  large  numbers  inhabits  a  portion  of  the 
riiineiitary  tract  known  as  the  colon.  It  is  sluggishly  motile  and 
does  not  form  spores.  It  is  foimd  in  the  intestinal  discharges  of  man 
and  of  other  higher  animals  and  also  in  soils  and  waters  contaminated 
with  animal  excreta.  Sometimes  it  is  found  in  the  dust  of  the 
streets,  its  occurrence  there  being  probably  due  to  infection  from 
horse  droppings.  The  colon  bacillus  is  in  many  ways  similar  to  the 
typhoid  bacillus.  It  resembles  the  latter  in  shape,  size,  motiUty, 
and  lack  of  spore  formation  so  closely  that  bacteriologists  have 
some  ilifficulty  in  distinguishing  between  the  two  organisms.  The 
growth  of  both  upon  beef  broth  and  gelatine  agar  is  apparently 
identical.  In  fact,  both  bacteria  belong  to  a  group  in  which  there 
are  both  pathogenic  and  nonpathogenic  organisms.  Although  the 
typhoid  and  the  colon  bacillus  are  thus  intimately  related,  there  are, 
nevertheless,  certain  constant  characteristics  which  enable  an  experi- 
enced observer  to  distinguish  between  them.  Some  of  the  main 
pmnts  of  difference  are  that  the  colon  bacillus  is  able  to  ferment 
dextrose  with  gas  production,  while  the  typhoid  bacillus  does  not 
under  any  circimistances  produce  gas.  When  grown  in  milk  the 
colon  bacillus  produces  acid  from  the  milk  sugar  and  curdles  the 
milk,  while  the  typhoid  bacillus  is  not  able  to  do  this. 

The  colon  bacillus  is  much  more  hardy  than  the  typhoid  bacillus. 
Comparative  tests  of  viability  have  shown  the  following: 

1.  Ninety-nine  and  nine-tenths  per  cent  of  BdciUus  coli  and  100 
per  cent  of  B,  typhosus  were  removed  by  an  intermittent  water  filter, 
and  99.8  per  cent  of  the  former  and  99.9  per  cent  of  the  latter  were 
removed  by  a  continuous  fiilter. 

2.  After  the  infected  water  had  been  appUed  to  these  filters,  B. 
tdi  was  foimd  to  continue  in  the  effluent  from  the  intermittent  filter 
fw  tw«nty-four  to  thirty-six  hours,  while  the  B.  typhosus  continued 
only  for  two  or  three  hours. 

3.  In  a  water  subjected  to  a  temperature  of  33°  F.  about  90  to  95 
per  cent  of  both  species  were  destroyed  in  twenty-four  hours,     A 
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few  orj^ani.snis  of  efu^h  sp<*cies  may,  however,  Uve  for  a  ron 
number  t>f  days. 

4,  About  fif)  per  cent  of  B.  coli  and  75  pi»r  e*iit  of  B.  t^pl 
destroyed  l>y  al>oiit  fifteen  uiinute^  freezing.  After  im 
per  cent  of  the  former  mid  98  per  c^nt  of  the  latter  were! 
tile  end  of  twenty-four  hours  over  99  per  cent  of  all  the 
had  dis^appeared. 

5,  Both  s^|)ecie.s  re^kt  temperatures  up  to  45°  C.  for  fi\ 
between  45°  and  50"^  V.  all  hut  a  few  individtiab  of  eaeh 
dastroyexJ.  Tlie^^e  few  individiiakt  however,  resisted  temp 
to  85°  C,  at  which  all  organisms  of  botli  species  were  deet; 

The  mtne^s  further  stated  that,  according  to  some  e 
made  by  him  on  tlie  typhoid  bacilKii*  when  introduced  ini 
Tjake  Michigan  water,  the  organism  doe.s  not  nuiltiply,  but 
certain  conditions  maintain  its  vitaHty  for  upward  of  t 
days.  Bacilhui  coli  cmmnunw,  on  the  other  hand ,  nudtipl; 
this  water  and  may  remain  alive  for  upward  of  two  hi 
sLxty-three  days,     (5995-5997.) 

Slimming  up  the  above,  the  witness  stated  that  it  is  clea; 
the  two  s|>ecies  resemble  each  other  in  many  important 
colon  bacillus  has  been  proved  to  po«se^  a  greater  re^ij 
the  ty])hoid  bacillus. 

f\nir"erni!ijLr  tlu^  siiniifi^'inire  of  the  BanfJus  eoK  comnnnns 
tion  in  sanitary  water  analyses,  the  witness  stated  that  tlii 
one  of  the  juwailing  bacterial  forms  in  fresh  sewage,  and  i 
son  its  ])resonc(»  and  relative  abundance  in  water  are  rc<:ar 
stituting  one  of  the  most  signiiicant  indications  of  recent  • 
lution.  He  then  cited  exj)criincnts  nuide  by  Dr.  William 
of  Buffalo,  and  Dr.  AVilliani  (i.  Savage,  of  l^niversity  ColU 
Wales;  also  a  roj)()rt  of  a  committee  of  the  laboratory  sc. 
American  Public  Health  Association,  all  of  which  sliowod 
cance  of  t  he  presence  of  B.  coll  com  ni  un  is  as  indicating  sewag 
lie  then  cited  the  work  carried  on  m  connection  with  tin 
ment  of  a  water-j)uri(icati<)n  syst(»m  at  New  Orleans  in  l\H):] 
a  ((uotation  from  j)a<^(»  17  of  this  r(*j)ort  as  follows: 

In  waters  which  contain  nn[)urirnMl  -cwai^'c  the  test  for  this  intestinal 
the  utmost  inij)ortancc.  In  the  Missi^si[)i)i  I{ivcr  at  New  C)rk*ans.  how 
evich'ntly  so  mucli  self-purilical  ion  elYecd-d  ])y  natural  agencies,  such  a> 
mentation,  etc.,  that  this  normal  intestinal  bacillus  was  one  of  the  least  ( 
isolated.  In  ahout  100  tests  with  a  \ohnne  ol  water  varying  from  1  t<»:>CX 
ence  was  (lemonstrat<'(l  only  three  times,  although  the  larger 8;\niples  of  w 
centrate<l  in  a  centrifuge  before  being  seeded  into  th(»  media  conveyed  ii 
tubes. 

Further  ([notation  was  made  from  the  rej)ort,  contrastin 
evidence  with  that  of  the  water  from  the  Merrinuic  at  I^a 
Hudson  below  the  Mohawk,  tlie  Oldo  at  Cincinnati,  the  Sch 
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the  Potomac,  and  a  further  observation  was  made  that  the  conditions 
in  Mississippi  River  above  New  Orleans  are  so  favorable  for  self- 
purification  during  the  last  few  hundred  miles  of  its  flow  that  the 
normal  bacteria  of  surface  water  effectually  crowd  out  those  derived 
from  populated  and  cultivated  areas.  This  instance  was  regarded  by 
the  witness  as  especially  significant  of  the  ability  of  streams  to  purify 
themselves,  especially  in  view  of  the  fact  that  countless  millions  of 
colon  bacilli  are  contributed  by  the  cities  in  the  Ohio,  Illinois,  upper 
Mississippi,  and  Missouri  basins.     (6000-6004.) 

The  witness  then  outlined  the  methods  used  for  isolating  the  colon 
bacillus  (see  pp.  6005-6008  of  the  record)  and  gave  an  account  of 
experiments  made  on  the  water  of  the  Illinois  and  Mississippi  systems 
at  various  points.  The  results  of  the  experiments  and  the  points  of 
collection  are  shown  m  Table  73.     (6009-6035.) 

Table  73. — Results  of  presumptive  tests  for  Bacillus  coli  communis  on  samples  of  water 
frofm  desigruited  points  before  and  after  the  opening  of  the  Chicago  drainage  canal. 
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Referring  to  the  above  results,  the  witness  made  the  following 
statements: 

On  comparing  the  number  of  days  on  which  BklcUIus  ccli  was 
found  in  1  c.  c.  of  water  taken  from  Illinois  River  at  Averyville  and 
Grafton,  from  the  Mississippi  at  Grafton,  from  the  Desplaines,  from 
the  Kankakee,  from  the  Fox,  from  the  Vermilion,  from  the  Sanga- 
mon, and  from  the  Missouri,  it  appears  that,  so  far  as  the  colon- 
bacillus  content  enables  one  to  pass  an  opinion  on  the  sanitary 
quality  of  these  waters,  Sangamon  River  at  Chandlerville  is  one  of 
the  more  highly  polluted  streams. 

The  Illinois  at  Grafton,  the  Mississippi  at  Grafton,  and  the  Mis- 
souri at  Fort  Bellefontaine  appeared  to  be  on  substantially  the  same 
footing  with  one  another  in  respect  to  their  colon-bacillus  content, 
while  the  Fox  contained  a  smaller  proportion  of  colon  bacilli  than 
any  other  of  the  streams  under  consideration. 

The  Illinois  at  Averyville  compares  in  respect  to  its  colon-bacillus 
content  very  favorably  with  the  Illinois  and  Mississippi  above  Graf- 
ton and  the  Missouri  above  its  mouth  and  is  perceptibly  less  highly 
contaminated  than  the  Sangamon  at  Chandlerville. 

To  sum  up  these  facts,  it  is  seen  that  samples  of  water  taken  on 
sixty-nine  different  days  from  Illinois  River  at  Averyville  and  at 
Grafton  contained  Bdcilljis  coli  communis  on  thirty-nine  days,  while 
samples  taken  from  the  various  tributaries  of  the  Illinois  on  sixty- 
nine  days  contained  the  colon  bacillus  on  thirty-six  days.  Samples 
taken  from  the  ifissouri  on  sixty-six  dajrs  contained  the  colon  bacil- 
lus on  forty-four  days. 

It  appears,  therefore,  from  these  tables  that  if  the  opinion  expressed 
by  the  witness  regarding  the  sanitary  significance  of  the  colon  bacil- 
lus in  water  is  correct,  the  water  of  Illinois  River  at  Averyville  and 
Grafton  was  not  materially  different  from  what  it  would  have  been 
if  the  tributaries  of  the  Illinois,  exclusive  of  Desplaines  River  and 
its  sewage  content,  had  alone  fed  the  basins  of  this  stream.  Tlie 
colon-bacillus  content  of  such  a  stream  at  Averyville  and  at  Grafton 
would  have  been  substantially  what  it  is  at  present.     (6038-6039.) 

In  connection  with  the  discussion  of  these  results,  the  witness 
made  the  interesting  statements  reproduced  below  in  response  to 
specific  questions: 

Q.  Professor,  I  desire  to  call  your  attention  to  the  testimony  of  Doctor  Ravold. 
On  page  150  of  his  testimony  given  in  this  case  Doctor  Ravold  testified  that  the 
ct>lon  bacillus  was  found  in  72  per  cent  of  the  samples  taken  from  the  Bear  Trap 
dam  at  Lockport  in  the  month  of  March,  1900,  and  at  page  320  of  his  testimony  he 
testified  that  the  Bacillus  coli  communis  was  found  in  71  per  cent  of  the  samples  col- 
lected from  the  St.  Louis  settling  basins  during  the  period  from  May  1  to  October  31, 
1900.  Would  you  infer  from  those  statements  that  colon  bacillus  was  present  in  the 
water  of  these  settling  basins  in  St.  Louis  in  anything  like  the  same  proportion  that 
it  was  in  the  water  of  the  drainage  canal  at  Lockport? 
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A.  I  certainly  should  not. 

Q.  Give  your  reasons. 

A.  h  is  very  important  in  making  the  test  for  the  colon  bacillus,  especially  when 
a  polluted  water  is  being  dealt  with,  to  use  dilutions  of  the  water  high  enough  to 
prevent  the  overgrowth  of  the  colon  bacillus  by  other  sewage  forms.  I  have  fre- 
quently in  my  own  experience  found  that  by  the  use  of  so  large  a  quantity  of  water 
as  1  c.  c.  *  *  *  apparently  negative  results  are  obtained,  while  by  examination 
of  a  smaller  quantity  of  the  same  water  positive  results  invariably  appear.  The 
explanation  for  this  phenomenon,  which  may  prove  very  misleading,  is  that  when  a 
large  quantity  of  sewage-polluted  water  is  introduced  into  fermentation  tubes  other 
forms  of  bacteria,  sucji  as  some  of  the  anaerobic  bacteria,  are  present.  These  over- 
grew the  colon  forms,  leading  to  an  apparently  negative  result,  and  thus  completely 
obscuring  the  true  interpretation.  I  have  frequently  en<x)untered  this  difficulty  in 
dealing  with  highly  polluted  waters  in  using  quantities  as  large  as  1  c.  c.  It  is  my 
opinion  that  if  the  colon  determination  be  carried  out  properly,  with  due  regard  to 
the  difficulties  here  mentioned,  the  colon  bacillus  would  be  found  to  be  present  in 
every  cubic  centimeter  of  the  water  in  the  drainage  canal.  Indeed,  my  examina- 
tions have  shown  no  fewer  than  several  hundred  colon  bacteria  per  cubic  centimeter 
in  the  water  of  the  drainage  canal,  and  generally  several  thousands,  while  in  the 
water  of  the  Mississippi  River  which  is  pumped  into  the  settling  basins  at  St.  Louis 
and  in  the  tap  water  drawn  from  the  tap  in  St.  Louis  the  number  of  colon  bacteria 
never  approximate  anything  like  these  figures. 

For  these  reasons  I  am  compelled  to  assume  that  the  statements  to  which  you  refer 
are  based  on  defective  analytical  methods  and  do  not  indicate  that  the  actual  num- 
ber of  colon  bacilli  in  the  water  of  the  drainage  canal  and  in  the  St.  Louis  settling 
basins  are  at  all  comparable.     (6012-6014.) 

The  witness  then  took  up  the  discussion  of  the  work  performed 
from  October  to  December,  1901,  and  stated  that  three  extra  labo- 
ratories were  equipped  at  the  direction  of  the  defendants,  one  at 
Peoria,  on  Illinois  River;  one  at  Grafton,  at  the  mouth  of  the  river, 
and  one  at  St.  Louis.  The  work  carried  on  at  these  three  laborato- 
ries consisted  chiefly  in  plating  daily  samples  of  water  for  bacterio- 
logical examination  and  in  making  colon  determinations.  Data  were 
also  procured  concerning  the  temperature  of  the  water  and  air  at 
times  of  collection,  and  all  the  laboratory  men  were  instructed  to 
select  from  the  colonies  of  bacteria  appearing  on  the  plates  all  the 
different  kinds  that  could  be  distinguished  by  the  peculiarities  of 
their  growth.  Those  colonies  thus  picked  from  the  plates  were 
transferred  to  agar  tubes  and  shipped  to  the  witness  at  the  bacterio- 
logical laboratory  of  the  University  of  Chicago,  where  they  were 
studied  in  detail.     (6041-6042.) 

The  sampling  points  were  as  follows:  For  the  Peoria  laboratory, 
at  Averyville,  above  Peoria,  and  at  Pekin,  below  Peoria,  the  precise 
points  of  collection  being  approximately  those  used  during  the  inves- 
tigations of  1899  and  1900;  for  the  laboratory  at  Grafton,  from  Illi- 
nois River  above  its  confluence  with  the  Mississippi  and  from  the 
Mississippi  above  the  mouth  of  the  Illinois;  for  the  laboratory  at 
St.  Louis,  five  daily  samples,  four  along  the  cross  section  at  Chain 
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of  Rocka  and  the  fifth  from  Missouri  River  at  Port  6«ni^| 
Thf5  bacteriological  work  coasistetl  of,  first^  the  det^^rminjitMslH 
miiiiber  of  bacteria  ill  the  samples,  as  E*houii  by  the  ordbiilfl 
counts;  second,  the  number  of  germs  of  the  colon  group,  mi^ 
by  the  dextrose  fermentation  tube  test,  and,  third,  thf  «tOi^ 
bacterial  Oora.  The  iirst  two  detenniuations  were  carried  m  m 
respective  branch  laboratories  and  the  third  was  perfonned  U] 
laboratory  of  the  University  of  Chicagt^.     (a042-6043j 

The  methods  used  for  the  chemical  estimatioo  ^ere  ihim 
mended  by  the  conimittee  on  standard  methods  of  the  Ajneiicinl 
iic  Health  Association,  Several  different  decimal  dihitinir.'i  rf 
water  were  usually  employed,  and  the  dilution  that  was  select*^ 
Jtecord  was  the  one  showing  from  about  25  to  125  coloni*^  [»er(l 
(604  3 --60440 

The  results  of  the  variouB  examiJiHtioiis  are  reported  in  tletii 
pagas  6046-60S0  of  the  record     A  summary  is  given  in  Tubl^a 

and  Mmwtn  ri^trn^  Odoher  io  D^^etmhft^  tmi^ 
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*iitn./to  xxx^vx  «L  /*»^t>  »ilk;  vti]>0Vi'  IVoria; .nr 

Illinois  River  at  Pekin  (below  Peoria ) .^j 

Illinois  River  at  (I nifton 73 

Mississippi  River  at  (\  rafton 73 

Mississipjii  River  at  Chain  of  Rooks: 

Illinois  shore :>4 

Midstream , .v 

Intake  tower .i2 

M issoii  ri  shore o3 

Missouri  River  at  Fort  Rellcfontnino ,=;i 


Concerning  the  above  resuUs,  the  witness  stated  that  the  nimii 
bacteria  found  at  Averyville  and  at  Grafton  were  not  dissimilar, 
averages  were  higher  than  the  average  for  this  period  in  Missi* 
River,  owing  to  the  fact  that  tlio  usual  winter  increase  wliich  o 
in  river  waters  took  place  tliat  year  earlier  in  Illinois  River  th 
did  in  Mississippi  River.  Up  to  the  middle  of  December,  1901 
two  waters  were  very  similar  as  regards  their  bacterial  con 
Throughout  the  period  studied  tlie  average  number  of  bacteri 
sliown  by  the  colony  count,  for  Missouri  River  at  Fort  Bellefoii 
was  several  times  as  great  as  in  the  water  from  either  Illinois  Klv 
its  mouth  or  Mississippi  River  al)()ve  Grafton.  The  nuini)er  of 
teria  in  Illinois  River  water  at  Pekin  was  greatly  in  excels  of 
found  at  any  of  the  other  collecting  stations — a  fact  which,  ii 
opinion  of  the  witness,  naturally  follows  the  entrance  of  sewap 
refuse  into  the  river  at  Peoria,  just  above  this  point.     (60S1.) 
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The  witness  then  presented  a  table  showing  the  comparative  num- 
ber of  bacteria  in  samples  from  Mississippi  River  taken  along  the 
cross  section  at  Chain  of  Rocks  and  from  Missouri  River  at  Fort 
Bellefontaine.  This  table  appears  on  pages  6082-6083  of  the  record. 
The  witness  said  that  the  figures  show  that  during  the  period  covered 
by  the  investigation,  the  number  of  bacteria  in  the  water  of  Missis- 
sippi River  along  the  cross  section  was  much  lower  on  the  Illinois 
shore  than  on  the  Missouri  shore,  and  further  that  the  water  at  the 
intake  tower  partook  of  the  character  of  the  waters  of  Missouri  River 
and  of  Mississippi  River  on  the  Missouri  shore.  In  other  words,  dur- 
ing these  three  months  of  1901  little,  if  any,  water  from  Illinois  River 
entered  the  mtake  tower  of  the  St.  Ijouis  waterworks,  and  it  was  also 
evident  from  the  bacterial  coimt  that  if  any  of  the  water  from  the 
Illinois  shore  did  pass  into  the  intake  it  must  have  improved  the  con- 
dition of  the  water,  so  far  as  reducing  the  number  of  bacteria  per 
cubic  centimeter  was  concerned.     (6084.) 

The  witness  then  introduced  into  evidence  thre^  series  of  photo- 
graphs of  bacterial  plates,  showing  the  number  of  bacteria  in  samples 
taken  from  Mississippi  River  at  four  points  in  the  Chain  of  Rocks  sec- 
tion— Illinois  shore,  mid-channel,  intake  tower,  and  Missouri  shore — ^ 
and  from  Missouri  River  at  Fort  Bellefontaine.  The  first  series  rep- 
resented plate  samples  taken  October  28;  the  second,  November  20, 
and  the  third,  December  13.  The  plates  were  all  agar  platings,  and 
the  photographs  represented  the  number  of  colonies  developing  in  0.1 
c.  c.  of  the  water.  The  number  of  colonies  visible  on  each  plate  from 
each  sampling  point  agreed  with  the  statements  made  by  the  witness 
concerning  the  relative  appearance  of  bacteria  and  the  proportions 
shown  in  Table  74.     (6084-6089.) 

The  witness  then  discussed  the  tests  for  Bacillus  coli  communis 
made  during  this  period,  stating  that  he  considered  that  the  relative 
abundance  of  this  organism  aflForded  the  most  satisfactory  test  of  the 
sanitary  quality  of  the  water,  and  citing  various  authorities  in  sub- 
stantiation of  his  opinion. 

The  detailed  report  of  these  tests  appears  on  pages  6097-61 16  of  the 
record.  A  summary  of  the  results  appears  in  Tables  75  and  76. 
(6118-6120.) 
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Table  75. — Pretence  of  bacteria  of  the  colon  group  in  samples  from  designated  poitiU, 

October  to  December,  1901. 
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group  in  samples  from  designated  points,  October  to  December,  1901. 
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In  discussing  the  above  results  the  witness  stated  that  the  fact  that 
the  colon  bacillus  was  found  to  be  present  in  but  43  per  e^nt  of  the 
O.I  c.  c.  samples  from  Illinois  River  at  Averyville,  while  it  was 
present  in  100  per  cent  of  the  0.1  c.  c.  samples  from  the  same  river  at 
Pekin  and  in  only  13  percent  of  the  0.1  c.  c.  sample-s  from  Illinois  River 
at  Grafton,  shows  not  only  the  extreme  delicacy  of  the  test  for  sew- 
age pollution,  but  also  a  very  considerable  improvement  in  the  sani- 
tary quality  of  water  between  Pekin  and  Grafton.  A  comparison  of 
the  water  of  Mississippi  River  above  Grafton  with  that  of  Illinois 
River  above  the  same  point  indicates  that  the  colon  bacillus  was 
present  in  5  per  cent  of  the  0.01  c.  c.  samples  of  water  from  these  two 
places.  Of  the  samples  from  the  same  points  containing  0.1  c.  c.  of 
water,  24  per  cent  of  those  from  Mississippi  River  and  only  13  per 
cent  of  those  from  Illinois  River  yielded  positive  results,  and  a  simi- 
lar difference  was  noted  in  the  1  c.  c.  samples,  all  of  which  showed,  in 
the  opinion  of  the  witness,  that  the  water  of  Mississippi  River  above 
Grafton  during  the  period  of  examination  was,  if  anything,  less  whole- 
some than  that  of  Illinois  River  above  Grafton.  With  reference  to 
the  results  found  in  waters  from  Mississippi  River  at  Chain  of  Rocks 
and  Missouri  River  at  Fort  Bellefontaine,  the  witne^ss  stated  that  the 
water  from  Missouri  River  during  this  period  was  distinctly  more 
dangerous  and  unwholesome  than  that  of  either  the  Illinois  or  the 
Mississippi  at  Grafton.     (6121-6123.) 

The  witness  then  introduced  photographs  of  fermentation  tubes, 
showing  the  results  of  inoculations  with  quantities  of  water  varying 
from  0.001  to  1  c.  c,  taken  from  the  designated  sampling  stations. 
The  illustrations  show  that  the  colon  bacillus  was  not  so  abundant  in 
the  water  of  Mississippi  River  near  the  Illinois  shore  as  it  was  at  the  - 
intake  tower  of  the  St.  Louis  waterworks. 

From  all  the  foregoing  tables  and  illustrations  the  witness  con- 
clude that  the  effect  of  any  mixture  of  Illinois  River  water  with 
Missouri  River  water  at  the  intake  tower  would  tend  to  diminish  the 
colon  content  of  the  water  at  such  point,  thereby  rendering  it  less 
dangerous  for  human  use.     (6132.) 

The  attention  of  the  witne.ss  was  then  called  to  that  part  of  the 
testimony  of  Allen  Hazen  in  which  he  stated  that  the  mixing  of  water 
from  Illinois  and  Mississippi  rivers  by  the  time  it  reaches  the  mouth 
of  the  Missouri  River  is  more  complete  at  low  water  than  at  high 
water,  to  which  the  witness  replied  that  the  total  number  of  bacteria 
in  the  water  at  the  intake  tower  and  near  the  Missouri  shore  at  Chain 
of  Rocks,  as  well  as  the  number  of  colon  bacteria  in  the  water  at  these 
two  points,  shows  conclusively  that  during  the  period  of  low  water 
the  water  collected  at  these  two  stations  was  almost  wholly,  if  not 
altogether,  Missouri  River  water  and  was  mixed  little,  if  any,  with  that 
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of  the  Illinois.  If  it  be  true,  therefore,  that  the  mixing  is  more  com- 
plete at  low  water  than  at  high  water,  it  would  certainly  follow  that 
the  amount  of  Illinois  River  water  present  in  the  Mississippi  at  these 
two  points  at  high-water  stages  must  be  exceedingly  small.  (6132- 
6133.) 

The  witness  then  discussed  his  work  in  the  identification  of  bac- 
teria of  various  species  in  the  samples  collected  during  the  investiga- 
tion of  1901.  The  organisms  studied  were  isolated  from  four  diflFer- 
ent  kinds  of  culture  media — (1)  from  forty-eight-hour  gelatine  plates 
incubated  at  20°  C;  (2)  from  forty-eight-hour  dextrose-broth  fer- 
mentation tubes  incubated  at  37°;  (3)  from  Utmus  lactose  agar  plates 
at  35°  after  passing  through  carbol  broth  at  37°;  (4)  from  neutral  red 
broth  at  37°.  In  this  way  543  cultures  were  isolated  and  classified. 
The  results  are  contained  in  Table  77.     (6134.) 

Table  77.— Spccus  of  bacteria  isolated  by  E.  O.  Jordan,  1901. 
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a  Two  cultures  of  the  nnl  chromogenic  group  are  without  data  as  to  place  or  mode  of  isoIatioD. 

Referring  to  the  above  results,  the  witness  stated  that  the  detailed 
study  shows  that  the  forms  regarded  by  bacteriologists  as  character- 
istic of  sewage  pollution  are  found  more  abundantly  in  the  water  of 
Illinois  River  at  Pekin  than  elsewhere.  The  streptococcus  forms, 
which  are  believed  to  be  e.specially  characteristic  of  recent  sewage 
pollution,  were  found  in  only  four  cases,  namely,  two  in  Illinois  River 
at  Pekin  and  two  in  Mississippi  River  at  Chain  of  Rocks,  near  the 
Missouri  shore.     (6135.) 

In  response  to  a  question  concerning  the  necessity  for  examination 
of  samples  collected  hourly  or  even  daily,  the  witness  cited  several 
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standard  investigations,  such  as  those  carried  on  by  George  W.  FnUer 
at  New  Orleans,  Louisville,  and  Cincinnati,  and  by  Allen  Hazen  at 
Pittsburg,  together  with  certain  others  in  European  countries.  He 
stated  that  in  his  opinion  the  usual  practice  is  based  on  the  belief 
that  an  adequate  opinion  as  to  the  character  of  the  water  can  be 
formed  by  examinations  made  at  intervals  of  one  week,  provided  the 
total  period  of  investigation  extends  over  a  sufficient  length  of  time. 
In  the  present  investigation  the  weekly,  daily,  and  hourly  determi- 
nations made  by  the  witness,  together  with  those  made  concurrently 
by  Professors  Palmer,  Long,  Zeit,  Gehrmaim,  and  Burrill,  were 
unquestionably  sufficient  to  permit  a  satisfactory  conclusion  to  be 
drawn  as  to  the  character  of  the  water,  and  they  constituted  the  most 
extensive  study  of  river  water,  in  connection  with  the  subject  of 
self-purification  of  streams,  ever  made  anywhere  in  the  world. 
(6135-6137.) 

Taking  into  consideration  all  the  analytical  data  obtained  through- 
out the  seventeen  months  covered  by  the  investigations,  the  witness 
concluded  that  one  of  the  most  remarkable  facts  brought  out  is  the 
entire  concurrence  of  the  results  derived  from  the  chemical  and  the 
various  bacteriological  determinations.  The  amount  and  rate  of 
nitrification  in  the  water  of  Illinois  River  at  various  points  along  its 
course  are  in  line  with  what  the  experience  of  water  analysts  has 
shown  to  accompany  real  purification.  On  the  bacteriological  side 
the  evidence  is  wholly  confirmatory,  as  under  certain  conditions  Illi- 
nois River  becomes  nearly  free  from  the  great  mass  of  sewage  bacteria 
with  which  it  is  laden  at  Lockport  in  so  short  a  distance  as  24  miles, 
as  shown  by  the  examinations  made  at  Morris  and  Ottawa. 
(6138-6140.) 

Concerning  the  occurrence  of  Bacillus  prodigiosus  in  the  rivers  of 
the  country,  the  witness  stated  that  on  November  6,  1899,  he  isolated 
from  the  water  of  Illinois  River  collected  at  Morris  an  organism 
which  resembled  in  all  specific  characteristics  the  standard  B,  pro- 
di^siLS,  and  verified  his  diagnosis  by  comparing  its  culture  charac- 
teristics with  those  of  two  other  strains  obtained  from  the  University 
of  Michigan  and  Yale  University.  In  addition  to  these,  he  isolated 
from  the  water  of  Mississippi  River  near  the  Missouri  shore  at  Chain 
of  Rocks  on  November  16,  1901,  an  organism  that  in  many  respects 
was  typical  of  B.  prodigiosus  and  might  have  been  mistaken  for  it, 
but  was  markedly  diflferent  in  other  characteristics,  inasmuch  as  it 
did  not  produce  gas  in  dextrose  broth  nor  licjuefy  blood  serum  nor 
curdle  milk — three  very  important  respects  in  which  it  diflfered  from 
the  true  B.  prodigiosus  type.  Other  germs  were  isolated  on  other 
occasions  from  Illinois  and  Mississippi  rivers,  which  also  bore  certain 
resemblances  to  B,  prodigiosiLSj  but  which  on  investigation  were  found 
not  to  be  the  true  form.     (6143-6144.) 
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In  rpsponsti!  In  I  lie  liypotht^tical  (jUPMions  herpinWfnff  i 
soTic'orTiin^  the  <vxjMTiTiirnt  fjf  Doch^r  R avoid  in  depusiting  IOj 
}{  B,  prodij^itmii^  culture  in  the  Chicagu  Drainage  Canal,  the 
stated  that  this  t*xperiraent  gave  a  certain  amoiint  of  infrimu 
he  probable  longevity  of  the  typhoid  bacillus  under  the  wiul 
ttat ed .  1 1  c o nst i tu  ted  a  d emo nst rat i o n  of  t he  po wer  of  j^lf -piti 
n  streams,  from  the  fact  that  ahmg  the  upper  eolleetiiif: 
jiaintained  by  the  city  of  St.  Ixmis  in  Illinois  Riv**r  i\m  c 
^as  not  discovered,  although  according  to  the  testimony  very 
examinations  were  made.  The  findings  of  a  ffw  individunl 
n  Mississippi  River  at  Chain  of  Rocks  were  not  pasritiTe,  in^ 
,he  identification  did  not^  from  the  records^  appear  to  bed 
jomplete.  On  the  a^ssiimption,  however,  that  the  idpnttGni 
correct,  the  rplativdy  insigniJirani  number  found  indieatefi 
mrterinm  does  not  live  long  hi  the  river  water,  and  thai  ihc 
mcilluB,  which  is  beycmd  doubt  a  more  highly  8]iectalir-ef] 
onn^  would  not  sunive  as  Umg  tts  the  B.  prodi^iomi^. 
srords,  since  B.  frodi^imu^  dies  off  so  speedily  in  fmrh  large  i 
;he  typhoid  bacillus  would  be  less  likely  to  survive  exji^^mire 
lame  conditions.     (GI4S-615I.) 

Referring  to  established  instances  where  the  typhoid  bac 
jeen  detected  in  river  water,  the  witness  stated  that  althougl 
dcTK-p  wliirli  ci^niiprf^  piilluh-'il  water  with  ootbroaks  nf  fvpVi 
is  entirely  eonviiu'lnii:  l)()th  in  character  and  mass  there  have  i: 
tively  few  instances  in  wliieh  l)aeteri()l()gists  have  succeeded 
ing  a  specific  typhoid  hacilliis  from  suspected  waters.  Act 
actual  identiiicatioii  an^  of  d()ul)tful  value,  especially  sin 
recently  organisms  tluit  W(M'e  similar  to  but  by  no  means 
witli  tlie  ti'iie  ty|)li()i(l  l)acilhis  liave  l)een  discovered  in  watei 
citing  accounts  of  si^vcral  cases  of  alleged  identification  of  the 
l)a('illus  in  foreign  countries  and  remarking  on  the  insufhcieiK 
evidence  the  witness  stated  tliat  the  meagerness  of  thos» 
despite  the  thousands  of  examinations  made  by  skilled  bactei 
in  every  part  of  tlie  world,  is  in  Ids  opinion  explained  cinefl 
relativ(dy  sliort  (hn-ation  of  the  life  of  the  bacillus  in  wati 
period  ela])sing  l)etween  tlie  mouKMit  of  infection  and  the  h 
of  the  l)acterial  investigation  is  usually  at  least  two  or  thre 
owing  cliiefly  to  tlie  time  ()ceu])i(Ml  by  the  incubation  of  tin 
and  perha])s  tardy  recognition  of  it.  Some  time  is  also  con? 
the  j)reliminary  work  necessary  in  carrying  on  a  competent  ii 
tion.  The  liistory  of  most  outl)reaks  of  ty|)hoi(l  fever  shows 
bacillus  liad  disap|)e{U*(Ml  fi'om  tlu^  water  l)v  the  time  a  se; 
inaugurated,  and  for  this  reason  n  ni^Lrative  finding  is  the  usi 
of  such  an  examination.      ((n.')(i-()l. ")!).) 
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Concerning  experiments  made  to  determine  the  longevity  of  the 
typhoid  bacillus  in  water,  the  witness  stated  that  examinations  made 
with  the  bacillus  in  sterilized  watet  and  kept  in  glass  bottles  showed, 
among  other  things,  that  the  age  of  the  culture  influences  the  lon- 
gevity, freshly  isolated  stock  exhibiting  distinctly  greater  vitality 
than  stock  which  had  been  under  cultivation  for  some  months. 
When  introduced  into  sterilized  Lake  Michigan  water,  typhoid 
bacilli  were  alive  under  some  circumstances  up  to  ninety-three  days, 
but  did  not  multiply  during  this  period.  The  colon  bacillus,  on  the 
other  hand,  multiplies  rapidly  and  has  been  kept  alive  in  sterilized 
Uke  Michigan  water  for  two  hundred  and  sixty- two  days.  There  is 
DO  evidence  to  show  that  the  typhoid  bacillus  multipUes  in  natural 
waters.  On  the  contrary,  there  appears  to  be  an  oven\helming 
evidence  that  the  organisms  once  discharged  from  the  human  body 
undergo  a  constant  diminution  in  number.  Conditions  in  laboratory 
experiments  for  testing  the  longevity  of  this  bacillus  are  usually  much 
more  favorable  to  its  life  than  those  which  it  meets  in  nature.  The 
witness  was  fully  of  the  opinion  that  the  organisms  will  live  longer  in 
pure  than  in  polluted  waters,  because  of  the  fact  that  in  polluted 
waters  they  have  to  compete  with  various  saprophytic  bacteria, 
while  in  uniK)lluted  waters  they  are  not  injuriously  affected  by  these 
microbes.  From  what  he  knew  of  the  chemical  composition  and  bac- 
terial content  of  the  waters  of  Illinois  River  at  various  points  along  its 
course  it  was  his  opinion  that  the  life  of  the  typhoid  bacillus  intro- 
duced into  Illinois  River  at  the  upper  end  of  the  drainage  canal  would 
not  be  more  than  three  or  four  days.     (6159-6161.) 

The  witness  then  testified  concerning  his  familiarity  with  the 
physical  conditions  existing  along  the  IlUnois  River  basin,  and  stated 
that  Desplaines  River  from  Lockport  to  Morris  has  a  rapid  flow,  but 
the  lower  part  of  Illinois  River,  especially  from  Ija  Salle  to  Grafton,  is 
very  sluggish  and  consists  of  a  series  of  pools,  so  that  the  body  of 
water  as  a  whole  is  almost  entirely  quiescent.  If  it  were  true  that  any 
of  the  infectious  matter  from  Chicago  persisted  as  far  down  even  as 
Peoria,  the  conditions  existing  there  and  farther  down  the  stream 
would  be  such  as  to  bring  about  a  further  diminution  in  the  amount 
of  such  substances.  This  state  of  semistagnation  prevailing  in  Illinois 
River  affords  opportunity  for  the  destruction  of  such  infectious  mat- 
ter as  may  be  introduced  into  the  river  either  directly  or  through  the 
tributaries.     (6161-6164.) 

While  it  is  true  that  bacteria  in  a  turbid  water  are  sedimented  more 
quickly  than  in  a  clear  water,  the  turning  into  Illinois  River  of  the 
clear  water  from  Lake  Michigan  does  not  interfere  with  sedimenta- 
tion, because  in  that  portion  of  Illinois  River  where  most  wsedimenta- 
tion  occurs  the  amount  of  suspended  matter  introduced  into  the 
water  from  the  tributaries  and  entering  the  river  directly  is  sufficient 
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to  eflfect  the  same  degree  of  sedimentation  that  would  occur  if  the 
present  amount  of  dilution  with  water  from  Lake  Michigan  were 
absent.  Therefore  while  the  introduction  of  Lake  Michigan  water 
might  probably  interfere  with  sedimentation  in  the  upper  part  of  the 
river  it  would  have  no  such  eflfect  in  the  stretch  of  the  stream  frum 
La  SaUe  to  Grafton.     (6165-6166.) 

Concerning  the  eflfect  of  dilution  on  the  purification  of  streams,  the 
witness  stated  that  although  dilution  does  not  cause  any  actual 
destruction  of  infectious  material  it  does  diminish  the  danger  of 
infection  arising  from  the  drinking  of  such  water.  If,  for  example, 
infectious  material  were  introduced  into  water  to  such  an  extent  tha^ 
each  tumblerful  contained  one  typhoid  bacillus  and  this  water  were 
diluted  with  nineteen  times  its  bulk  of  pure  and  iminfected  water  i< 
would  then  be  true  that  out  of  one  himdred  tumblerfuls  of  this  inixH 
ture  only  five  tumblerfuls  would  contain  typhoid  bacilU  instead  of  th^ 
whole  one  hundred,  as  was  originally  the  case.  In  other  words,  th^ 
effect  would  be  the  same  as  if  95  per  cent  of  the  typhoid  bacilli 
perished.  In  this  way  dilution  unmistakably  diminishes  the  dangei 
from  infection.  Such  dilution  as  is  turned  into  Desplaines  Rive) 
from  the  drainage  canal  has,  however,  little  eflfect  on  the  infectious 
quality  of  the  water  in  Illinois  River  at  Grafton,  because,  in  the  opin 
ion  of  the  witness,  the  infectious  bacteria  in  the  Chicago  sewag 
would  have  perished  long  before  the  mouth  of  Illinois  River  would  h 
reached.     (6167-6168.) 

The  witness  then  said  that  Professor  Sedgwick,  in  his  testimon; 
recorded  on  page  2207  of  the  record,  made  a  misquotation  from  th 
report  of  the  river  commissioners  of  Great  Britain  published  in  187^ 
giving  their  statement  as  'Hhere  is  no  river  in  the  United  Eongdoi^ 
long  enough  to  purify  itself  from  any  sewage  admitted  to  it,  even  fl 
its  source,^'  whereas  the  statement  in  reality  was,  *'It  will  be  safe  t 
infer  *  *  *  that  there  is  no  river  in  the  United  Kingdom  loi^ 
enough  to  eflfect  the  destruction  of  sewage  by  oxidation.^'  Tli 
witness  explained  that  there  was  a  material  difference  in  the  tv^ 
statements,  because  at  the  time  the  aforesaid  report  was  publishe 
the  knowledge  of  sanitarians  regarding  the  quality  of  a  water  w< 
based  on  chemical  rather  than  on  bacteriological  data;  practical] 
nothing  was  known  then  concerning  the  elements  in  sewage  th< 
imparted  to  it  its  dangerous  character.  It  had  been  determined  emfl 
rically  that  a  certain  relation  exists  between  the  oxidation  of  sewage  ai] 
the  loss  of  its  dangerous  qualities,  but  it  was  not  known  what  this  rel 
tion  was  nor  on  what  it  depended.  The  modem  conception  of  the  piU 
fication  of  a  sewage-polluted  stream  is  based  on  the  disappearanj 
and  destruction  of  disease-producing  bacteria.  There  is,  therefore, 
wide  difference  between  stating  that  the  purification  of  a  stream 
effected  within  a  certain  distance  and  that  the  destruction  of  sewaj 
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by  oxidation  is  effected  within  a  certain  distance.  It  does  not  follow 
that  because  complete  destruction  by  oxidation  of  the  organic  matter 
in  a  polluted  water  does  not  occur  within  a  specified  distance,  the  real 
purification,  namely,  the  destruction  of  dangerous  bacteria,  may  not 
be  accomplished  within  that  distance.  The  process  of  nitrification 
or  oxidation  and  the  processes  leading  to  the  disappearance  of  dan- 
f^erous  bacteria  do  not  always  run  a  strictly  parallel  course,  either  in 
sewage  tanks  or  polluted  rivers.     (6172-6174.) 

The  witness  then  took  up  the  discussion  of  an  elaborate  series  of 
experiments  made  to  determine  the  longevity  of  the  typhoid  bacillus 
under  natural  conditions  in  the  water  of  the  drainage  canal  and  of 
niinois  River.  The  experiments  were  conducted  with  the  coopera- 
tion of  Professor  Russell,  of  the  University  of  Wisconsin,  and  Profes- 
sor Zeit,  of  the  Northwestern  Medical  School.  The  serious  and  mis- 
leading effect  on  the  longevity  of  the  typhoid  bacillus  produced  by 
laboratory-  conditions  had  impressed  itself  upon  the  witnass,  and  with 
I  view  to  removing  this  objection,  receptacles  were  planned  for 
mprisoning  the  bacilli  in  the  water  of  the  drainage  canal  under  normal 
»nditions  of  life  and  temperature. 

Five  different  bodies  of  water  were  selected  for  these  experiments, 
aamely,  Lake  Michigan,  Chicago  River,  the  drainage  canal  at  Lock- 
|)ort  and  at  Robey  street,  and  Illinois  River  at  Averyville.  Professor 
feit  carried  on  the  experiments  with  Lake  Michigan  and  Chicago 
River  water.  Professor  Russell  undertook  those  with  the  water  of 
Bfinois  River  at  Averyville,  and  the  witness  conducted  those  on  the 
irainage  canal.  Parchment  sacks  were  employed  instead  of  glass 
wbes.  These  sacks  had  a  capacity  of  about  800  c.  c,  and  when  sus- 
pended in  the  water  by  floats  permitted  the  passage  of  certain  sub- 
tances  in  solution,  but  did  not  allow  the  bacteria  to  pass  through 
iteir  walls.  The  conditions  to  which  the  typhoid  bacilli  introduced 
Bto  the  sewage  in  these  sacks  were  subjected  are  almost  precisely 
fcose  prevailing  in  nature,  inasmuch  as  the  bacteria  inside  and  out- 
He  of  the  sacks  can  not  pass  through  the  walls,  and  yet  they  are  sub- 
bcted  to  the  action  of  the  toxic  products  and  the  saprophytic  microbes 
a  the  sewage.  The  sacks  were  fastened  to  the  points  of  glass  tubes 
i>out  6  inches  in  length  and  were  sealed  with  a  mixture  of  tallow  and 
Wn.  They  were  then  weighted  so  as  to  swing  freely  in  the  water 
Aen  filled  with  sewage  and  suspended  in  a  framework  covered  with  a 
Hre  screen  that  permitted  free  circulation  of  the  outside  water.  This 
^e  was  made  of  fine  strips  of  wood ,  and  was  4  feet  long  and  3  feet  wide 
VH  feet  deep.  The  bottom,  top,  and  lower  five-sixths  of  the  sides  and 
pris  of  this  frame  were  covered  with  wire  screen.  The  upper  6 
Iches  of  the  sides  and  ends  were  of  1-inch  pine  fencing.  The  top 
|>ened  with  a  hinge  and  was  fastened  in  place  by  a  hasp  and  pad- 
Ml    It  was  balanced  in  such  a  way  that  it  floated  with  the  water 
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level  up  to  the  height  of  the  lower  margin  of  the  upper  solid  portion 
of  the  body.  The  part  above  the  water  was  thus  of  boards  and  serve<l 
to  break  the  effect  of  the  waves  over  the  sacks.  The  witness  was  con- 
fident that  the  water  within  the  frames  differed  in  no  essential  way 
from  that  in  the  open  channel.  The  sacks  were  tested  for  cracks  or 
defects  before  they  were  taken  from  the  labratory  and  again  when 
they  were  filled  in  the  field.  To  the  lower  end  of  each  sack  a  small 
weight  was  attached,  which  served  to  keep  it  in  an  upright  position  in 
the  water.  A  cord  was  also  fastened  to  the  lower  end,  by  means  of 
which  the  sack  was  brought  to  the  surface  of  the  water  and  the  con- 
tents agitated  at  the  time  of  taking  samples.  In  carrying  forwani 
these  experiments  three  cultures  were  employed,  designated  as  x,  y,  ami 
Zj  all  taken  from  patients  suffering  from  the  disease.  They  wen 
therefore  in  an  active  and  virulent  condition.  Into  the  sacks  waj 
introduced  a  quantity  of  sewage,  together  with  a  strong  culture  of  th< 
typhoid  bacilli.  Sixteen  such  sacks  were  placed  in  the  Chicago  cfrain 
age  canal  at  Robey  street  and  12  at  Lockport.  Other  sacks  which  wen 
not  inoculated  with  typhoid  bacilli  but  contained  samples  of  rav 
sewage  taken  from  the  canal  at  the  respective  points  were  used  fo 
parallel  experiments.  Samples  of  water  from  these  control  sacks  wer 
placed  at  frequent  intervals  and  examined  as  to  their  bacteriologicfl 
content.  After  the  culture  sacks  were  inoculated  and  set  in  plac 
samples  were  collected  from  them  in  sterilized  glass  bottles,  with  a 
proper  aseptic  precautions,  and  accurately  measured  quantities  wei 
mingled  with  sufficient  nutrient  media  of  various  kinds,  and  when  tl 
growth  had  sufficiently  developed  were  examined  for  the  identifier 
tion  of  the  typhoid  bacillus.  The  results  for  the  two  stations  in  tl 
drainage  canal  are  included  in  Table  78.  The  full  discussion  of  the! 
important  experiments  occupies  pages  6180-6238  of  the  record. 

Table  78. — HiMuIts  of  experiments  tnith  Bacillus  typhosus  infection  in  Chicaffo  drahu 

canal  J90S. 
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Table  7^.— Results  of  experimenls  with  Bacillus  typhosus  infection  in  Chicago  drainage 
.   canal,  190S — Continued. 
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From  the  results  of  the  experiments  above  recorded  and  those  con- 
facted  by  Professors  Russell  and  Zeit,  the  witness  submitted  the  fol- 
bwing  conclusions:  ^Experiments  under  conditions  closely  simulating 
those  in  natur^  indLicate  that  the  typhoid  bacillus  introduced  into 
unsteriUzed  Lake  Michigan  water  does  not  survive  for  a  period  longer 
than  four  days  after  such  introduction.  It  is  probable  that  specially 
resistant  individual  cells  may  survive  longer,  but  in  any  case  the  maxi- 
mum period  would  be  eight  to  ten  days.  The  experiments  in  the 
Irainage  canal  indicate  that  the  bacillus  was  not  isolated  after  two 
lays,  except  in  one  anomalous  case,  in  which  three  typhoid  bacilli 
^ere  isolated  on  the  tenth  day  from  a  single  plate  in  a  single  sack. 
ihe  reasonable  explanation  for  this,  according  to  the  witness,  was 
that  at  times  when  the  contents  of  the  sack  were  heavily  infected, 
luring  the  process  of  tilting  and  agitation  some  particles  in  the  sewage 
to  which  t\T)hoid  bacteria  were  adhering  were  deposited  and  became 
tied  upon  the  walls  of  the  sack  above  the  water  line  and  were  subse- 
(uently  washed  off  and  dropped  into  the  water  of  the  sack.  Taking 
|to  consideration  all  the  experiments  made  in  the  drainage  canal, 
^  witness  was  of  the  opinion  that  the  tj^hoid  bacilli  could  not  live 
w  a  period  longer  than  four  days  after  infection.  The  experiments 
I  Illinois  River  led  him  to  believe  that  they  would  not  live  in  that 
^i^pam  under  natural  conditions  for  a  period  longer  than  five  or 
tt  days.  Summing  up,  the  witness  stated  that  specific  infection  of 
yphoid  fever  discharged  into  the  drainage  canal  might  live  as  long 
te  three  or  four  days  after  leaving  the  body  of  the  pollution,  but  that 
^  any  rate  it  would  perish  long  before  Averyville  was  reached. 
te3S-6241.) 
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The  witness  then  cited  experiments  made  by  Dr.  William  G.  Savage, 
of  University  College,  Cardiff,  Wales,  in  which  it  was  shown  that  the 
colon  bacillus  hves  for  some  time  in  soils  but  disappears  as  time  goes 
on,  the  ordinary  soil  organisms  invading  the  material  and  taking  the 
place  of  the  colon  bacillus.  It  is  more  resistant  than  the  typhoid 
bacillus,  and  therefore  it  is  a  fair  assumption  that  the  latter  would 
rapidly  die  out  in  soils.     (624 1 .) 

The  witness  stated  that  the  experiments  above  outlined  show  that 
the  colon  bacillus  and  sewage  streptococci  die  out  rapidly  in  polluted 
streams,  and  attributed  the  death  of  the  typhoid  bacillus  in  such 
water  to  the  poisonous  action  of  the  products  of  other  microbes,  and 
this  is  the  reason  why  the  germ  will  not  hve  as  long  in  polluted  as  in 
pure  water.  He  then  expressed  the  opinion  that  the  life  of  the  typhoid 
bacillus  would  not  continue  any  longer  in  the  sediment  of  a  polluted 
stream  than  in  the  water  of  that  stream,  because  in  the  sediments 
the  germs  are  in  very  much  the  same  surroundings  that  they  would 
be  in  the  water,  except  that  it  is  fair  to  assume  that  the  organic  mattei 
is  more  abimdant  on  the  bed  of  the  stream  in  the  sediments.  Thi 
condition  would  encourage  the  growth  of  saprophytic  bacteria,  anj 
therefore  the  toxic  products  fatal  to  the  typhoi^  germ  would  be  ii 
more  concentrated  form.  There  is  a  difference  in  the  .conditions  thai 
prevail  in  moist  soil  and  those  in  the  sediment  of  a  running  stream 
In  the  former  the  bacilli  are  not  exposed  to  the  action  of  toxic  product 
for  the  reason  that  such  products  can  not  act  on  the  bacillus  througl 
the  intervening  air  space  or  through  the  interstices  of  the  soil.  J 
continuous  layer  of  fluid  is  needed  for  the  diffusion  of  these  toxi 
products,  and  unless  the  typhoid  bacilli  are  in  contact  with  then 
the  conditions  in  ordinary  damp  soil  are  different  from  those  prevail 
ing  in  the  sediment  at  the  bottom  of  a  river.  Therefore  the  time  tha 
the  typhoid  bacilli  will  live  in  moist  soil  furnishes  no  criterion  for  it 
longevity  in  the  sediment  of  a  running  stream.     (6242-6244.) 

Referring  to  the  case  in  which  the  presence  of  typhoid  germs  wa 
demonstrated  in  the  mud  of  Lake  (leneva,  cited  in  the  testimony  o 
George  W.  Fuller,  the  witness  stated  that  considerable  doubt  had  beej 
thrown  on  the  work  of  the  observer  because  his  methods  of  identifica 
tion  were  not  satisfactory.  He  fiu'ther  said  that  he  knew  of  n 
experiments  or  observations  which  demonstrate  that  this  germ  caj 
live  in  the  sediment  of  a  running  stream  for  a  period  up  to  a  year,  a 
stated  by  Mr.  Fuller.     (6246-6248.) 

With  reference  to  the  statement  made  in  the  testimony  of  Profess^j 
Sedgwick  that  typhoid  fever  sometimes  prevails  in  a  city  drawing  i1 
supply  of  water  from  a  reservoir  of  a  storage  capacity"  equal  to  thirt 
days*  consumption,  the  witness  stated  that  it  is  not  true  tha 
in  such  cases  all  the  water  pumped  into  this  reservoir  would  remai 
there  for  a  period  of  thirty  days.      In  point  of  fact,  some  of  it  inigt 
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be  drawn  from  the  reservoir  within  a  very  short  time  after  its  entrance 
therein.  It  does  not  follow  that  because  a  reservoir  or  settling  basin 
holds  a  thirty  days*  supply  all  the  typhoid  bacilli  introduced  therein 
remain  for  thirty  days.     (6252.) 

The  witness  laid  special  stress  on  the  importance  of  the  interpreta- 
tion of  vital  statistics.  It  is  not  a  matter  of  indifference  how  the 
figures  so  collected  are  viewed  by  statisticians.  Statistical  pitfalls 
are  numerous,  and  certain  fallacies  of  interpretation  exist,  the  intro- 
duction of  which  may  vitiate  any  conclusion  drawn  from  figures  that 
are  in  themselves  exact.  For  example,  it  is  commonly  assumed  that 
the  death  rate  of  a  city  is  a  correct  measure  of  its  healthfulness.  The 
death  rate  among  individuals  of  different  ages  and  nationalities  varies 
80  much  that  a  statement  of  deaths  without  regard  to  age,  sex,  or 
distribution  of  racial  characteristics  does  not  afford  any  helpful  infor- 
mation and  is  frequently  misleading.  A  community  having  a  large 
percentage  of  infants  or  of  aged  persons  would  have  a  larger  number 
of  deaths  per  thousand  than  a  community  having  a  larger  proportion 
of  individuals  of  more  resistant  age ;  yet  the  two  places  may  be  equally 
healthful.  It  is  well  known,  too,  that  certain  races  of  mankind  mani- 
fest weakness  or  lack  of  resistance  to  various  diseases.  For  example, 
persons  of  Irish  parentage  are  much  more  liable  to  consumption  and 
pneumonia  than  Russian  and  PoUsh  Jews.  Therefore  in  making  a 
statement  of  death  rates  from  these  two  diseases  in  any  city  account 
should  be  taken  of  the  pro}>ortion  of  each  of  these  races  involved  in 
Ae  estimate.     (6260-6261 .) 

The  method  of  expression  of  the  fatality  rate  of  any  particular 
disease  according  to  the  mortality-percentage  method  described  in  the 
testimony  of  Messrs.  Sedgwick  and  Fuller  frequently  fails,  in  the 
<H>iiuon  of  the  witness,  to  give  correct  information  as  to  the  progress 
<rf  the  disease.  Quoting  from  Newsholme,  Vital  Statistics,  page  186, 
Ite  gave  the  following  example : 

Suppose  a  town  of  100,000  with  2,000  annual  deaths,  of  which  500  are  caused  by 
phthisis.  Here  the  general  death  rate  is  20  per  1,000;  the  death  rate  from  phthisis  is 
5  per  100  living,  and  the  deaths  from  phthisis  form  one-fourth  of  the  total  deaths.  In 
ttoUier  town  having  the  same  population  the  total  deaths  are  4,000,  and  therefore  the 
i^ath  rate  40  per  1,000  inhabitants;  the  deaths  from  phthisis  are  1,000,  and  therefore 
|he  death  rate  from  phthisis  is  10  per  1,000;  but  the  proportion  of  the  phthisical  to  the 
foul  mortality  is  one-fourth,  as  before.  In  the  second  town,  however,  there  is  by 
1^  hitter  test  apparently  no  worse  condition,  so  far  as  phthisis  is  concerned,  than  in 
^  firet,  though  matters  are  really  twice  as  bad.     (6261-6262.) 

With  reference  to  the  value  of  chemical  and  bacterial  data  in  water 
K^&mination,  the  witness  was  of  the  opinion  that  such  analyses  furnish 
important  evidence,  and  that  while  they  often  supplement  and  con- 
linn  the  results  of  observations  they  also  at  times  reveal  conditions 
ftat  mere  ocular  inspection  would  fail  to  bring  to  light.  It  is  some- 
'imes  true  that  chemical  and  bacteriological  data  are  the  only  data 
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obtainable.  In  the  study  of  the  self-purification  of  streams  such 
analyses  afford  a  material  aid  in  determining  the  rate  and  extent  oi 
the  process  of  purification  and  make  it  possible  to  trace  the  successive 
changes  that  take  place  in  the  amount  and  condition  of  the  oi^anic 
matter.     (6266-6267.) 

Assuming  that  the  reports  of  the  St.  Louis  board  of  health  show  ai 
apparent  increase  in  typhoid  fever  during  the  years  1900  to  1903 
inclusive,  the  witness  stated  that  he  did  not  regard  it  as  a  justifiable 
conclusion  that  the  apparent  increase  was  due  to  any  infectious  mattei 
passing  into  the  sewers  of  Chicago  and  thence  to  the  St.  Louis  intake 
hy  way  of  Illinois  and  Mississippi  rivers.  An  increase  in  the  infectioi 
of  Mississippi  River  water  from  points  near  at  hand  would  seem  U 
afford  a  more  satisfactory  explanation.  The  rural  population  on  tb 
watershed  is  an  important  factor  to  be  considered,  because  typhoi( 
fever  is  far  more  prevalent  in  nu-al  than  in  urban  districts.  (6270- 
6275.) 

The  witness  then  compared  the  records  of  typhoid  fever  by  month 
from  1890  to  1903,  inclusive,  in  Chicago  and  St.  Louis,  and  state< 
that  he  was  unable  to  discover  any  relation  between  the  monthl; 
death  rates  in  the  two  cities.  The  month  showing  the  largest  num 
ber  of  deaths  in  Chicago  precedes  the  maximum  in  St.  Louis  by  elevei 
months  in  1892,  by  eight  months  in  1903,  by  six  months  in  1891,  b; 
five  months  in  1896  and  1898,  by  three  months  in  1899,  and  by  tw 
months  in  1902.  The  Chicago  maximum  coincides  with  the  St.  Loui 
maximum  in  five  years— namely,  1893,  1895,  1896,  1897,  and  190C 
The  minimum  monthly  typhoid  fever  in  Chicago  precedes  the  mini 
mum  in  St.  Louis  in  five  years —namely,  1891,  1893,  1898,  1900,  an< 
1902,  while  the  Chicago  minimum  coincides  with  the  St.  Louis  mini 
mum  in  1890  and  1892  and  follows  it  in  1894,  1895,  1896,  1897,  1901 
and  1903. 

The  witness  stated  that  he  would  expect  in  general  that  if  th 
typhoid-fever  conditions  in  St.  Louis  were  dependent  on  those  in  Ch 
cago,  a  large  number  of  deaths  from  typhoid  fever  in  the  latter  cit 
would  be  followed  within  three  or  four  months  by  an  increase  in  th 
number  in  the  former.  No  such  relation  appears,  and  therefore  i 
his  judgment  the  typhoid  conditi(ms  in  St.  Louis  are  unaffected  b 
those  in  Chicago.     "(6279-6281.) 

The  witness  then  presented  some  comparisons  of  the  readings  i 
gage  heights  in  Illinois  River  at  Kampsville  and  the  death  rate  froi 
tyi)hoid  fever  in  St.  Louis,  the  object  being  to  show  that  the  conte^ 
tions  of  the  plaintiff  concerning  the  effects  of  floods  in  Illinois  River 
raising  the  typhoid  rate  in  St.  Louis  were  not  true.  As  a  result  < 
these  comparisons  the  witness  stated  that  in  1899  high  water  occurn 
at  Kampsville  in  March  and  low  water  in  September,  while  the  maa 
mum  typhoid  death  rate  in  St.  Ix)uis  occurred  in  November  and  tl 
minimum  in  May.     Again,  in  1900  the  high-water  period   was 
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March  and  the  low-water  period  in  January,  while  the  maximum 
t}^hoid  fever  occiUTed  in  St.  Ix)uis  in  October  and  the  minimum  in 
April  and  May.  In  1901  high  water  occurred  in  April  and  the  maxi- 
mum typhoid  fever  rate  in  October,  while  low.  water  occurred  in  Octo- 
ber and  the  minimum  typhoid  in  April.  In  1902  liigh  water  occurred 
in  July  and  low  water  in  January,  while  the  maximum  typhoid 
occurred  in  October  and  the  rninimum  in  June.  Diu-ing  July  to 
November,  inclusive,  1902,  Illinois  River  averaged  twice  as  high  as 
during  the  same  period  in  1901,  yet  the  typhoid-fever  rate  in  St. 
Louis  was  almost  exactly  the  same  in  the  two  years.  From  a  detailed 
comparison  of  the  entire  record  the  witness  stated  that  he  was  unable 
to  discover  any  connection  between  the  stages  of  water  at  Kamps- 
nlle  and  the  rate  of  typhoid  at  St.  Ix>uis,  and  he  therefore  concluded 
that  the  contention  that  high  water  in  Illinois  River  washed  down  the 
infected  matter  from  Chicago  more  quickly  and  resulted  in  high 
typhoid  in  St.  Louis  was  unfounded.     (6282-6284.) 

The  \\itness  then  discussed  the  characteristics  of  typhoid  and 
malarial  fevers  at  some  length  and  stated  that  the  diseases  ordinarily 
termed  intermittent  fever,  remittent  fever,  typho-malarial  fever,  con- 
gestive and  continuous  fevers  are  not  distinct  types,  but  that  most  of 
the  infections  designated  by  these  terras  are  true  typhoid  or  malaria, 
and  in  his  opinion  the  deaths  so  classed  should  be  transferred  bodily 
to  the  column  of  deaths  from  typhoid  fever,  since  malaria  in  temperate 
countries  is  rarely  fatal.  He  fiu*ther  stated  that  he  found  in  the 
records  of  the  health  department  of  St.  Louis  a  very  considerable  num- 
ber of  deaths  under  these  headings  and  believed  that  they  were  all 
genuine  typhoid,  and  in  his  opinion  no  city  in  the  United  States  has  so 
large  a  death  rate  from  genuine  malaria  as  would  be  indicated  by  the 
official  records  of  St.  LouLs.  He  then  summed  up  the  statistics  for 
typhoid  fever  and  the  poorly  defined  disorders  above  noted,  as  shown 
in  Table  79.      (6287-6294.) 

Table  79. — Deaths  from  typhoid  and  so-called  malarial  fr vers  in  St.  Loxtis,  1895-1903, 
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A.  Typhoid  fev^r. 

B.  Remittent,  Intormittrnt,  typho-malarial,  conerostivo,  and  simple  continued  fevers. 
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Hie  Witness  stated  that  the  above  table  shows  a  close  paraUel 
between  the  number  of  deaths  reported  from  the  two  causes.  During 
the  period  July  to  October  the  number  of  deaths  re}>orted  from  both 
causes  is  high,  while  during  April  and  May  the  number  was  low. 
During  the  latter  part  of  the  period  an  interesting  change  is  noted. 
For  the  first  fire  years  the  number  of  deaths  under  the  heading  B  was 
greater  than  under  -V,  but  beginning  with  1901  the  reverse  is  true, 
showing  that  during  the  last  four  years  there  had  been  a  transfer  from 
column  B  to  column  A,  the  effect  being  to  diminish  the  number  of 
deaths  from  the  so-called  malarial  fevers  and  increase  the  number 
from  typhoid.  The  witness  then  presented  Table  80,  which  is  in  part 
a  summary  of  Table  79.     (6294-6296.) 

Table  80. — Drtuhs  from  typhoid  frrrr  and  reported  deaths  from  remittent^  intermittent, 
tupho-mnlariaL  congcstiie.  and  si  m  pie  continued  fevers  m  St.  LotiiSj  1890-1903. 
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The  witness  pointed  out  the  fact  that  the  above  table  shows  that 
during  the  first  ten  years  the  number  of  deaths  reported  from  tjrphoid 
fever  was  generally  less  than  those  from  remittent  fever,  etc.,  but 
during  the  last  four  years  the  situation  is  reversed,  and  it  is  evident 
that  some  cause  has  been  at  work  tending  to  produce  a  more  accurate 
diagnosis  on  the  part  of  the  physicians.  He  believed  it  reasonable 
to  supi>ose  that  the  letters  issued  by  the  health  commissioner  to  the 
physicians  in  1900  and  1901,  calling  attention  to  the  opening  of  the 
drainage  canal  and  the  necessity  for  reporting  typhoid  cases  in  the 
city,  had  caused  them  to  pay  closer  attention  to  diagnosis,  which 
had  resulted  in  the  marked  change  in  reporting  deaths.  Citing  so- 
called  malarial  records  of  other  cities,  such  as  Chicago,  Albany,  and 
Baltimore,  the  witness  stated  that  there  was  a  general  correspond- 
ence by  months  and  years  with  what  had  been  noticed  in  the  St. 
Louis  record,  namely,  that  the  proportion  of  deaths  from  malarial 
fevers  has  been  lower  during  recent  years  than  previously,  while  that 
from  typhoid  has  been  higher.  In  support  of  his  contention  that 
the  deaths  from  so-called  malarial  diseases  should  be  placed  in  the 
typhoid  column,  he  cited  the  experience  of  Albany,  where  a  sani] 
filter  was  put  into  operation  in  September,  1899.  During  the  ten 
years  previous  to  this  date  777  deaths  were  reported  from  typhoid 
fever,  or  an  annual  average  of  86,  and  during  the  four  years  after  the 
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installation  of  the  filter,  the  number  of  deaths  amounted  to  106,  or 
an  annual  average  of  26.  An  exactly  similar  decline  was  noticed  in 
the  number  of  deaths  rej>orted  from  malarial  diseases.  Prior  to  the 
opening  of  the  filter,  these  amounted  to  61,  or  an  annual  average  of 
7,  while  during  the  four  years  since  the  filter  was  opened  only  2 
deaths  had  been  reported,  or  an  average  of  one-half.  In  the  opinion 
of  the  witness,  the  inference  was  plain  that  both  the  above  reported 
causes  of  death  had  been  affected  by  the  opening  of  the  filter  and 
only  one  conclusion  could  be  drawn,  namely,  that  the  deaths  reported 
as  occurring  by  reason  of  malarial  diseases  were  really  genuine  tjqjhoid 
cases.  Summing  up  all  of  the  evidence,  including  that  off  £he  so- 
called  malarial  diseases,  the  witness  stated  that  he  was  of  the  opinion 
that  the  average  death  rate  from  typhoid  fever  in  St.  Louis  had  been 
less  (luring  the  four  years  from  1900  to  the  date  of  the  testimony  than 
previous  thereto — excluding  the  year  1892,  during  which  occurred 
the  ^at  epidemic — and  that  no  portion  of  the  typhoid  fever  mor- 
tality occurring  in  St.  Louis  since  January,  1900,  could  be  attributed 
either  directly  or  indirectly  to  the  effluents  from  the  Chicago  drainage 
canal.     (6296-6309.) 

With  reference  to  the  statement  of  Professor  Sedgwick  that  inas- 
much as  typhoid  germs  coming  from  Chicago  sewage  are  deposited 
in  large  quantities  in  the  lakes  and  slack-water  portions  of  Illinois 
RiTer  above  Peoria,  flood  conditions  such  as  would  scour  these 
deposits  from  the  bed  of  the  stream  would  cause  the  water  leaving 
Lake  Peoria  to  contain  at  times  more  infectious  and  dangerous  pollu- 
tion than  is  present  in  the  diluted  sewage  entering  the  river  at  the 
foot  of  the  drainage  canal,  the  witness  asserted  that  typhoid  fever 
?erms  live  so  short  a  time  under  such  conditions  that  there  is  no 
danger  that  the  water  leaving  Lake  Peoria  can  at  any  time  contain 
more  infectious  material  than  exists  in  the  diluted  sewage  flowing 
^ugh  the  foot  of  the  drainage  canal.  On  the  contrary,  he  was 
satisfied  that  there  is  a  much  smaller  proportion  in  the  water  of  Lake 
Peoria  than  in  that  of  the  canal.  It  is  possible  that  where  deposits 
of  sewage  matter  are  fresh,  as  they  are  in  the  bed  of  Chicago  River, 
the  sudden  flushing  out  of  such  a  stream  may  lead  to  an  outbreak  of 
typhoid  fever  within  two  or  three  days'  distance  from  such  deposits; 
l>ut  the  witness  knew  of  no  instance  where  an  epidemic  of  typhoid 
fever  had  been  traced  to  the  removal  or  flushing  out  of  such  sewage 
Diatter  that  had  been  allowed  to  remain  undisturbed  for  a  period  of 
several  weeks  without  receiving  any  addition  of  fresh  material.  In 
ttis  connection,  he  declared  that  the  cause  of  the  epidemic  at  Detroit 
cited  in  the  testimony  of  Messrs.  Sedgwick,  Whipple,  Williams,  and 
others  had  not  been  established  beyond  a  reasonable  doubt  as  coming 
from  Black  River  at  Port  Huron.     (6316-6319.) 
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On  the  assumption  that  an  increase  in  typhoid  fever  since  the 
openinoj  of  the  drainage  canal  had  actually  occurred,  which  appeared 
to  the  witness  to  be  contrary  to  the  facts,  it  would  be  more  reason- 
able to  attribute  such  an  increase  to  other  causes  than  the  canal,  such 
as  an  infection  of  the  water  supply  at  some  point  nearer  the  intake, 
infection  of  the  milk  supply,  or  some  other  factor.     (6323.) 

It  was  the  judgment  of  the  witness  that  the  water  supply  of  St. 
Louis  during  the  period  from  1895  to  1899  was  not  satisfactory, 
because  of  the  great  amount  of  typhoid  fever  in  the  city,  together 
with  the  typho-malarial  and  other  so-called  malarial  troubles  which 
should  have  been  classed  as  typhoid.  All  these  being  taken  into 
consideration,  the  rate  during  the  years  mentioned  was  much  higher 
than  it  ought  to  be  in  a  city  having  a  pure  and  satisfactory  water 
supply.     (6327.) 

The  witness  stated  that  it  was  impossible  to  draw  a  fair  comparison 
between  the  conditions  on  the  Potomac  River  between  Cumberland 
and  Wasliington  and  those  on  the  streams  between  Chicago  and  St. 
Louis.  The  relatively  rapid  flow  from  Cumberland  to  Wasliington 
and  the  relatively  short  space  of  time  required  to  travel  this  dis- 
tance represent  a  very  different  set  of  conditions  than  those  prevail- 
ing in  Illinois  River,  because  in  the  lower  portion  of  the  Illinois  the 
current  is  sluggish  and  the  time  required  for  a  body  of  water  to  pa« 
very  nmch  greater  than  in  the  Potomac.     (6334.) 

Chicago  polhition  is  manifest  at  the  mouth  of  Illinois  River  chiefly 
in  the  incn»as(Hl  amount  of  chlorine  and  nitrogen  present  in  the  water, 
but  so  far  as  the  original  polluting  matter  and  pathogenic  bacteria 
are  concerned,  there  are  no  grounds  for  adopting  the  opinion  that 
thes<>  substances  persist  in  their  original  condition  as  far  down  as 
Grafton.  It  is  (juite  possible  that  some  of  the  Yery  stable  compounds 
introduced  at  Chicago  may  reach  Grafton,  but  such  compounds  have 
no  sanitary  significance.      (6336.) 

The  dams  and  slack-water  basins  in  the  Illinois  River  materially 
facilitate  the  process  of  sedimentation,  but  the  removal  of  all  the 
dams  would  not  materially  affect  the  purification  of  the  Cliicago 
sewage,  because  the  elimination  of  the  tj'phoid  bacilli  takes  place  in 
the  upper  portion  of  the  strt*am.  Such  removal  might,  however,  hav€ 
si»me  elTect  in  retarding  the  purilication  of  dangerous  materials  dis- 
cliarged  by  various  connnunities  in  the  lower  stretches  of  the  river 
l.63:^S-6339.) 

CROvSS-KXAMlXATIOX. 

The  w  itnt^>i  stated  tliat  in  his  opinion  the  best  evidence  of  the  punt] 
of  a  water  supply  is  the  elFtH't  which  it  pnxluces  on  the  health  of  th 
community  using  it  for  domestic  purposes.      (^6345.) 

While  ni>thing  is  dofiniiely  known  as  to  the  number  of  typhoid 
bacilli  necessary  to  prvnluce  typluuil  fever  in  man,  it  is  well  known 
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through  experimental  work  on  animals,  that  a  smgle  germ  is  rarely 
able  to  produce  infection.  In  all  cases  of  inoculation  not  one  germ 
alone  but  many  hundreds  must  be  used  in  order  to  produce  infection, 
even  when  these  bacteria  are  introduced  into  the  most  delicate, 
portions  of  the  body.  Reference  was  made  to  a  case  in  which  a 
laboratory  worker  attempted  suicide  by  swallowing  typhoid  cultures. 
Several  tubes  of  virulent  culture  produced  only  a  mild  attack  of  the 
disease,  and  while  it  is  true  that  this  person  may  not  have  been  sus- 
ceptible, there  are  very  few  data  on  which  to  base  an  opinion  concern- 
ing susceptibility.  Persons  between  the  ages  of  15  and  35  are  more 
liable  to  typhoid  fever  than  younger  or  older  persons,  but  there  is 
little  information  showing  on  what  this  variation  in  susceptibility 
depends.     (6350-6351.) 

With  reference  to  the  significance  of  sanitary  analyses,  the  witness 
stated  that  there  are  cases  in  which  light  may  be  throwTi  on  the  sani- 
Ury  quality  of  a  water  by  the  chemical  examination,  when  the  bac- 
terial count  at  the  time  the  examination  is  made  fails  to  give  infor- 
mation. For  example,  well  water  is  often  found  to  be  high  in  chlorine 
and  nitrates,  which  are  indicated  by  the  conditions  to  have  originally 
come  from  sewage  pollution.  The  number  of  bacteria  in  such  a  water 
may  be  low  at  the  time  the  examination  is  made,  but  owing  to  thfe 
dangerous  character  of  the  surroundings  the  water  would  be  con- 
demned by  the  prudent  sanitarian,  although  the  bacterial  count  had 
not  been  high,  inasmuch  as  it  would  be  subject  at  any  time  to  another 
influx  of  pollution,  which  would  then  be  shown  by  the  bacterial  count. 
In  the  light  of  all  the  experience  of  the  witness  in  the  chemical  exami- 
nation of  water,  the  amount  and  rate  of  nitrification  in  Illinois  River 
between  Lockport  and  Grafton  are  such  as  have  been  found  in  the 
experience  of  water  analysts  to  accompany  the  disappearance  of  dis- 
ease-producing elements,  and  while  it  is  not  possible  to  establish 
absolutely  from  the  results  of  chemical  examinations  that  any  pomt 
where  samples  had  been  taken  is  free  from  disease-producing  elements, 
such  analyses  afford  a  certain  kind  of  evidence  that  must  be  weighed 
\n  forming  judgment  as  to  the  sanitary  quality  of  the  water.  (6359- 
^363.) 

The  cross-examiner  then  pointed  out  several  instances  in  which 
the  results  of  the  witness*  chemical  examinations  and  those  of  Pro- 
fessor PalmiBr,  made  on  samples  of  water  taken  at  the  same  time  and 
from  the  same  point  in  the  river,  varied  widely.  The  witness  admitted 
these  variations,  but  stated  that  the  determinations  are  so  delicate 
that  even  experienced  water  analysts  obtaining  samples  of  water 
under  the  same  conditions  would  be  expected  to  arrive  at  results  that 
would  differ,  but  such  variations  of  50  or  even  100  per  cent  have  no 
sanitary  importance.  The  averages  of  a  considerable  series  of 
analyses  constitute  the  important  factor,  and  little  weight  is  attached 
to  asingle  determination.     (6366-6369.) 


«-:•-  *11:L ■    T       •*    l.~T»^   3T     -Hr:-le»  SEWAGE. 

"IT:**  v:r:iH-r.  ^r.^*--!  -jh^-t  it*  iji  zic  T»ii  '..  rri:  bimself  in  the  posi- 
-J  -x  c  r^-  'Ti£nt**n:  r:*r  "i»f  ::i~:r  •inrTj  a  '  =«vmr^  of  any  degree  of 
^'.i.ecLi'— -  ji"  4  r^*r  fr  CL  -^TU-i  *  ti:l':*--*:  v^ter  supply  was  imme- 
i--i'-7  •.ii'!L  T-it*  ■•-^i**^^:  fcj-  •»*!  a«  tie  siritafy  side  is  to  be  con- 
-i.  >-«?•:_  »:ii£  i^'-JL*  •-.j:^  i**  biii  ^cat^  li*'  r«^->  days  was  about  the 
--I—"  c  *  c^pr— 7  c  -!i»*  T7'-'  *'-  **-'^'-i=^  —  srwase.  this  time  ought  to 
:•»  r-  •.  ..t-i  c  T^-  t*-*i  -  z:i=?ir^  ^sifrcr.  It  was  his  firm  opinion  that 
f  "  !•»  M^'wtjy^  •»  c-i-n***!  ZL  '2f»  rii-u^  iraiiakee  canal  was  from  four 
'    -t:^  ^r^    -^^  "77'-*  "-  -*" ^  '— '-  ^  '•  -*  aiive  in  it.     (,6375.) 

r*r  c  Ij.  £x-vr  Hri-  >?r-  r:»JI*r*i  as  a  w^Tries*?  ^li  behalf  of  the  defend- 
4JL*s.  s'AT-^i  :!.*:  !•*  -rjc^  i  t  rj^^-.-*::!  in^i  s-'-u^je*.*!:,  graduated  from  the 
K  _^^  :  ?^7^^'  -tr.-^  xZjI  ^-^^  ^^  —  Cricago  in  ISST.  had  made  a 
>;:•?•  ^'J  f  rtk:b  .vrry  li.  taH.  .:^  b  *>r::Ais  and  institutions  in  Cook 
•  •  ..z.:7-  I_l  :kr:-£  z^  ^z^ijrr^i  ex*.<rri=4T^>  in  Europe.  His  testimony. 
r^^rz^  - '  7*x.z^^  •:7.«.— 'fTI-r  f  :lf*  r^?o  ri.  was  in  general  a  confirmation 
v.f  tij:  zs^r:  ■  f  :-i-*  le^- l:_..!iy  ., f  Pr.fess>.^r  Jordan  relating  to  the 
trxr-  :i  ani  r.  il*rlil  :ra:}i  ri:es  in  S:.  Louis  and  the  probable  iden- 
:::t  .-f  :L^  :-»  ■  -.liN?*?^  ■  f  »i\*a^^?s.  He  e3cpressed  the  opinion  that 
-.mirr  :L»:  inirrtrv:^::  n  ih^r**  had  been  no  increase  in  typhoid  in  St. 
I>y.i>. 

H.  U  RITSSELU 

DIEElT    EX_%JilXATIOX. 

H.  L.  R'-isc?*:!!.  a  ^::r--^c>  odllt-vi  in  behalf  of  the  defendants,  stated 
that  h*^  was  in  <  i.dr^  *»f  trie  departraent  of  bacteriology  in  the  Uni- 
.er^lty  uf  Wi-oii^in.  havi:_:  i^cupitnl  that  position  since  1893.  He 
ha<l  iviHivf^J  his  bachfl»»r*s  de^nve  frx^ni  that  university  in  1888, 
rf^maiiie*!  tlierv  as  fellow  in  baoterit^h^gy  until  1890,  and  then  studied 
in  KofliS  Institute  in  the  University  of  Beriin.  in  the  zoological  sta- 
tion at  Xaph'S,  and  in  the  Pasteur  Institute  at  Paris.  He  returned 
to  America  in  1^91  and  t*H)k  the  degree  of  doctor  of  philosophy  at 
Johns  Hopkins  University.  Since  1S94  he  had  been  bacteriologist 
of  tlie  \VL<-on.^in  State  board  of  health,  and  in  that  capacity,  as  well 
as  in  a  private  capacity^  had  had  to  do  with  the  analyses  of  wator^ 
from  a  bacterial  point  of  view  for  sanitary  purposes.  In  connectior 
with  this  work  he  had  made  examinations  of  all  the  waters  sul> 
rnitted  for  public  analysis  in  the  State  and  had  been  specially 
en^ttg^Hl  in  the  examination  of  the  water  supplies  of  Superior,  Aisli 
land,  Marinette,  Merrill,  Stevens  Point,  Wausau,  Eau  Claire,  Port 
ago,  Green  Bay,  Beloit,  Baraboo,  Wis.;  Menominee,  Mich.,  an^ 
Dubucpie,  Iowa.  lie  had  studied  outbreaks  of  typhoid  fever  ari< 
made  investigations  of  the  subject  at  Baraboo  in  1901  and  at  Asli 
laiul,  Su[)crior,  Menominee,  and  Marinette.     He  professed  to  havi 
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an  extensive  acquaintance  with  the  literature  bearing  on  typhoid 
fever  epidemics  and  other  water-borne  diseases.     (6467-6469.) 

The  witness  stated  that  he  had  examined  and  studied  the  bacte- 
rial and  chemical  analyses  of  the  waters  of  Lake  Michigan,  the  drain- 
age canal,  and  Desplaines,  Illinois,  Mississippi,  and  Missouri  rivers, 
as  made  and  introduced  into  the  testimony  by  Professors  Jordan, 
Gehrmann,  Palmer,  and  Burrill.  In  addition  to  this,  he  made  a 
journey  in  September,  1903,  from  Chicago  to  St.  Louis  by  way  of 
the  above-named  water  courses,  which  had  given  him  special  opp)or- 
tunities  for  the  physical  examination  of  those  streams.     (6469-6470.) 

With  reference  to  the  BaciUus  prodigiosus  experiment,  an  account 
of  which  was  introduced  into  the  testimony  by  Doctor  Ravold,  the 
witness  stated  that,  assuming  all  the  premises  to  be  true  and  taking 
into  consideration  all  the  knowledge  which  he  possessed  concerning 
the  distribution  of  this  organism  under  normal  conditions,  he  was 
of  the  opinion  that  the  experiment  did  not  in  any  way  throw  light 
on  the  probable  longevity  of  the  typhoid  bacillus  as  measured  by 
that  of  B.  prodigiosuSj  and  he  was  led  to  believe  it  to  be  highly 
improbable  that  the  organisms  reported  to  have  been  foimd  in  the 
water  taken  from  the  intake  tower  at  Chain  of  Rocks  were  the  same 
or  were  derived  from  the  oi^anisms  placed  in  the  water  of  the 
drainage  canal.  The  witness  based  this  conclusion  on  the  fact  that 
a  series  of  examinations  made  of  samples  taken  from  Illinois  River 
at  Lockport,  Joliet,  Peoria,  and  Grafton  between  November  7  and 
December  15,  amounting  in  all  to  1,752  samples,  and  also  of  sam- 
ples taken  from  the  intake  tower  at  Chain  of  Rocks  and  from  the 
laboratory  tap  in  St.  Louis  between  November  20  and  March  1, 
amounting  in  all  to  3,120  samples,  failed  to  reveal  the  presence  of 
B.  prodigiosus  until  twenty-eight  days  had  elapsed  from  the  time  the 
cidtures  were  placed  in  the  drainage  canal.  If  the  organisms  reported 
to  have  been  isolated  from  the  waters  of  Illinois  River  at  Grafton 
and  Mississippi  River  at  Chain  of  Rocks  had  been  the  same  as  those 
deposited  in  the  canal,  or  their  progeny,  it  would  have  been  natural 
to  expect  that  in  the  numerous  preceding  analyses  that  had  been 
made  organisms  of  this  species  would  have  been  found,  as  there  is 
reason  to  believe  that  the  flow  of  water  from  the  canal  through 
Illinois  Kiver  to  St.  Louis  would  not  have  consimied  a  period  of 
twenty-eight  days.  It  is  not  uncommon  to  find  in  the  water  of  this 
region  organisms  which  possess  characteristics  similar  to  those  of 
B.  prodigiosus  by  reason  of  the  red  pigment  that  they  produce  when 
grown  upK)n  the  ordinary  nutrient  media,  and  which  therefore  might 
be  mistaken  for  B.  prodigiosus  unless  the  characteristics  of  the  germs 
isolated  were  studied  in  detail.     (6473-6476.) 

The  witness  then  described  various  pathogenic  bacteria  and  other 
methods  of  identification,  and  stated  that  the  typhoid  bacillus  is 
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capable  of  retaining  its  vitality  in  soil  for  a  varying  period  of  timo, 
depending  on  the  influences  to  which  it  Ls  subjected.  When  depo: 
ited  in  soil  by  burial  the  organism  rapidly  loses  its  vitality,  so  that 
at  the  expiration  of  a  short  period,  measured  by  a  few  days,  it  can 
no  longer  be  detected  in  the  upper  layers  of  the  soil.  When  the 
soil  is  moist  and  the  organism  is  deposited  in  typhoid  dejecta,  the 
germ  is  capable  of  retaining  its  vitality  for  a  longer  period  of  tiine, 
which  may  be  measured  by  months.  When  deposited  in  water  the 
life  of  the  bacillus  is  materially  shorter  than  in  soil.  Where  it  is 
brought  into  contact  with  a  medium  containing  normal  saprophytic 
bacteria,  such  as  would  naturally  be  found  in  sewage  or  pollute<l 
waters,  the  vitality  of  the  typhoid  germ  is  greatly  impaired  and  its 
longevity  would  not  normally  be  more  than  three  or  four  days;  but 
in  waters  of  a  great  degree  of  purity,  where  saprophytic  life  is  not  st) 
abundant,  the  longevity  would  be  increased,  so  that  it  may  possibly 
be  found  at  the  end  of  one  or  two  weeks.     (6477-6481.) 

The  witness  then  described  an  extensive  series  of  experiments  con- 
ducted by  him  to  determine  the  longevity  of  the  typhoid  organism. 
These  experiments  indicate  that  the  germs  of  typhoid  fever  are 
capable  of  retaining  their  vitality  for  a  period  of  time  measured  by 
months  in  water  which  is  ordinarily  pronounced  pure  and  which  has 
first  been  sterilized  by  heat  and  thus  deprived  of  its  ordinary  germ 
life  and  possibly  of  the  metabolic  products  of  bacterial  activity. 
When,  however,  the  tvphoid  organism  is  introduced  into  such  watei 
that  has  been  deprived  of  its  bacterial  life  by  fUtration  and  undei 
conditions  where  soluble  products  of  bacterial  growth  remain  in  the 
water,  the  life  of  the  genu  is  considerably  shorter  than  it  is  in  watei 
sterilized  by  heat.     (6481-0482.) 

In  the  opinion  of  the  witness  the  conditions  under  whicn  laboratory 
experiments  have  been  performed  to  determine  the  longevity  of  the 
typhoid  organism  are,  as  a  rule,  more  favorable  for  the  prolongatior 
of  vitality  than  natural  ccmditions,  because  when  the  tj^^hoid  organ 
ism  isexposed  undernatural  conditions — in  flowing  waters,  for  exam 
pie — it  is  subjected  to  a  number  of  factors  of  a  detrimental  charactei 
which  often  can  not  be  readily  simulated  under  laboratory  conditions 
(6482.) 

From  his  knowledge  of  the  conditions  in  the  waters  of  the  draina»i< 
canal  and  Illinois  River  the  witness  gave  it  as  his  opinion  that  th< 
longevity  of  the  typhoid  organism  in  those  waters  would  not  Ix 
greater  than  three  to  four  days,  because  of  the  great  number  of  con 
ditions  exercising  prejudicial  efl*ects  on  its  vitality.  lie  stated  tha 
this  assertion  had  been  proved  by  experiments  in  which  cultures  o 
the  typhoid  organism  were  placed  in  celloidin  sacks,  which,  beinj 
germ  tight,  would  not  permit  the  passing  out  or  in  of  am^  organism 
but  which  would,  on  the  other  hand,  permit  the  passage  of  the  solubl 
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products  of  the  c^owth  of  these  organisms.  These  sacks  were  placed 
in  cuhures  made  of  nutrient  material,  to  which  wa^s  added  various 
other  kinds  of  material  containing  divers  forms  of  saprophytic  bac- 
teria. Under  sucli  conditions  bacterial  growth  was  abundant  in  the 
outside  medium,  but  the  organisms  inside  of  the  sacks  were  una])le  to 
grow  and  in  many  instances  were  actually  killed.     (6483-64X4.) 

The  dams  in  Illinois  River,  especially  in  the  lower  reaches,  wliere 
the  normal  fall  is  slight,  have  a  considerable  effect  in  producing 
marked  sedimentation  of  suspended  matter  in  the  water,  and  such 
sedimentation  carries  to  the  l)ottom  much  of  the  bacterial  life,  thus 
purifying  the  water.  Inasmuch  as  the  specific  gravity  of  ])acteria  is 
only  a  trifle  above  that  of  water,  the  sedimentation  of  such  organisms 
must  necessarily  accompany  the  sedimentation  of  suspended  matter, 
which  is  at  its  maximum  under  quiescent  conditions.  It  is  extremely 
improbable  that  sufficient  clear  water  from  Lake  Michigan  could  be 
discharged  through  the  drainage  canal  to  interfere  with  the  nornuil 
sedimentation  taking  place  in  the  river  behind  dams  and  in  other 
practically  quiescent  portions  ol  the  channel.     (0486-0489.) 

Dilution  of  any  polluted  water  with  any  pure  water  greatly  diminishes 
the  danger  of  infection  from  the  use  of  such  water.  The  infection  of 
the  human  system  from  disease  bacteria  requires  in  some  cases  a  sinnd- 
taneous  introduction  of  more  than  one  specific  organism.  When 
water  which  is  infected  with  such  bacteria  is  diluted  with  pure  water 
the  danger  which  might  arise  from  the  ingestion  of  such  water  is 
diminished.  Therefore,  on  the  assumption  that  the  danger  of  infec- 
tion from  sewage  comes  from  the  presence  of  pathogenic  bacteria,  a  ' 
dilution  of  the  sewage  would  diminish  the  number  of  bacteria  of  a 
specific  kind  per  unit  quantity  of  water.  Thus  the  discharge  of  pure 
water  from  Lake  Michigan  into  Illinois  River,  through  the  drainage 
canal,  greatly  minimizes  the  danger  of  infection  which  might  come 
from  the  Chicago  sewers,  and  when  considered  from  the  standpoint  of 
dilution  alone  the  injection  of  Lake 'Michigan  water  into  Illinois  River 
must  be  beneficial.  Considering  the  conditions  in  Illinois  River  with 
reference  to  sedimentation  and  dilution  and  all  other  observable  fac- 
tors which  permit  chemical  and  bacterial  changes  in  the  sewage,  as 
revealed  by  the  analytical  results  presented  by  the  defendants,  the 
witness  did  not  believe  that  the  sewage  of  Chicago  could  have  any 
material  effect  on  the  waters  of  Mississippi  River,  except  possibly  to 
increase  the  amount  of  such  undissolved  salts,  as  chlorine,  which  are 
not  taken  out  of  solution  and  which  woidd  therefore  find  their  way 
downstream,  and  thus  increase  the  chlorine  content  of  tlie  waters  of 
Mi^issippi  River  as  it  passes  the  shores  of  Missouri.  Basing  his  opin- 
ion on  results  of  investigations  on  the  longevity  of  typhoid-fever 
bacilli  in  natural  waters,  the  witness  stated  that  dangerous  pollution 
in  Chicago  sewage  could:  not  exert  any  influence  on  the  character  of 
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the  waters  of  Illinois  River  at  its  mouth,  because  it  had  been  shown 
that  organisms  capable  of  causing  typhoid  fever  will  not  live  in  the 
waters  of  Illinois  River  for  a  suflBcient  period  of  time  to  be  carried 
from  Chicago  to  Grafton.     (6489-6494.) 

The  witness  then  gave  an  account  of  his  joint  experiments  with 
Professors  Jordan  and  Zeit  for  the  purpose  of  determining  the  longev- 
ity of  typhoid  bacilli  by  confining  them  in  impermeable  sacks  and 
exposing  them  in  the  waters  of  the  Chicago  drainage  canal  and  Des- 
plaines  River.  The  technique  of  these  experiments  is  described  in  the 
testimony  of  Professor  Jordan  (pp.  235-236)  and  will  not  be  repeated 
here.  Professor  Russell's  account  can,  however,  be  found  on  pages 
6496-6509  of  the  record.  His  work  was  carried  on  at  Peoria.  The 
results  are  discussed  on  pages  6509-6516  of  the  record  and  are  reported 
in  tabular  form  below. 


Table  81. — ResvUs  of  longevity  experiments  with  typhoid  bacilli  in  water  of  lUinoU  Rim 
at  Peoria  by  the  impermeable-cell  method. 


No.  of  laboratory  sack. 


7... 

8... 

9... 
10... 
llo. 

12... 

13... 

14... 
15... 


h^ 


I!. 


2  .5 
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Ist 
day. 


11 


12 


2d 
day. 


3d 
day. 


6«o 


Ji8 


■s 

o 


©"ito 


4th 
day. 


"t3  ♦*i 


5th 
day. 


9  I    0 


.I....I. 


13 


.1....    16  I  10 


g 

3 


■a 

o 
o    . 

^1 


55    tsz; 


3  I    0 
9       0 


18 


6th 
day. 


7th 
day. 


II 


'■3     ?■■ 

is   z  t* 

3      |3 


12       0- 

, I  8     i 

8.07       0 


7 ;   0 

6       0 


540 

Z  540 

Z  5,400 

Z  10,800 


Number  of  colonies  dally  examined 

from  all  sacks 

Number  of  typhoid  colonies  found 

on  successive  days , 

Total  num1:>er  of  sacks  examined 

on  different  days  of  exposure 

Total  number  of  sacks  in  which 

typhoid  was  found 


{iV 


13  I    6 


25 


43 


12 


44 


8  ,    0 


14 


41 

....     0 


0  I. 


3       0 

1  '     0 


28 


...'  32     . -^ 
0  '....      C 

....I      fi 


a  Control  sack. 


h  At  end  of  1  hour. 
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Table  81. — Results  of  loTigevity  experiments  with  typhoid  bacilli  in  water  of  Illinois 
River  at  Peoria  by  the  impermeable'Cell  method — Continued. 


Xo.  of  laboratory  sack. 


lla.. 
13... 


m 


1,000 

2,000 

4,  GOO 

10,000 

20,000 

1,000 

2,000 

4,000 

10,000 

20,000 


9th 
day. 


h 


'■s.ts 

5     /^ 


10th 
day. 


1.2 
o  . 


2 
o 


12 


o   . 


12th 
day. 


14th 
day. 


if 


■si 

l|8 


16tb    I    17th 
day.    '    day. 


• 

•o 

1 

o 

i3 

-5 

e. 

o>o 

♦*  a» 

^|o-y 

l« 

11 

i 

s 

3 

55 

^'^ 

3        3 

12;    z, 


Total. 


6  I    0 
8      0 


Z  i  540 

Z  !  540 

Z  5,400 

Z  ,  10,800 


Number  of  colonies  daily  examined 

from  all  sacks 

Number  of  typhoid  colonies  found 

on  successive  days 

Total  nimiber  of  sackd  examined 

on  different  days  of  exposure 

Total  number  of  sacks  in  which 

typhoid  was  found. 


14      1 


2i    0 


18 


46 


38    .... 
0 


25  '.... 
0 


15  I... 


459 
70 
54 
14 


The  witness  then  described  another  experiment,  as  follows: 
Nonnutrient  agar  from  which  all  soluble  products  had  been  removed 
by  washing  was  prepared  in  rectangular  blocks  about  one-half  inch 
square  and  2  inches  long.  These  blocks  were  inoculated  in  the  center 
with  freshly  grown  typhoid  cultures  forced  into  them  by  a  platinum 
wire.  Aft«r  removing  the  wire  the  point  of  entry  was  sealed  from 
contamination  by  searing  the  surface  with  a  hot  iron.  According  to 
Oswald,  such  agar  possesses  the  property  of  allowing  diffusion  to  take 
place  quite  as  rapidly  through  its  substance  as  through  water.  Hence 
it  follows  that  typhoid  organisms  inclosed  in  the  interior  of  such  an 
a^ar  mass,  if  exposed  in  an  aqueous  medium  containing  bacteria  of 
various  kinds,  would  be  subjected  to  the  same  influences  arising  from 
the  growth  and  development  of  water  and  of  sewage  bacteria  as  they 
would  if  they  were  placed  directly  in  the  water,  but  with  the  difference 
that  the  typhoid  organism  would  not  come  into  actual  contact  with 
extraneous  water  and  sewage  organisms.  These  blocks,  inoculated 
with  the  three  strains  of  typhoid  bacilli  mentioned  in  the  testimony 
of  Professor  Jordan  and  designated  as  x,  y,  and  2,  were  placed  in 
the  waters  of  Illinois  River  in  small  galvanized-iron  cylinders,  the 
top  and  bottom  of  which  were  covered  with  coarse  wire  netting. 
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Uiulor  these  conditions  the  water  had  free  access  to  the  individual 
hlocks.     The  results  were  as  follows: 

Series  1,  inoculated  with  culture  x,  was  examined  on  the  first  day 
by  taking  one  of  these  agar  blocks  and  tearing  off  the  upper  surface 
and  at  temping  to  transfer  any  material  which  was  in  the  line  ot  the 
inoculation  previously  made.  Similar  transfers  were  made  on  the 
third,  fifth,  ninth,  twelfth,  fourteenth,  sixteenth,  and  seventeenth 
days  after  immersion.  In  no  case  did  any  growth  occur  on  these  sub- 
cultures. 

Stories  2  was  inoculated  with  the  same  organism  and  subcultures 
were  made  immediately  and  on  the  first,  second,  third,  sixth,  eighth, 
tenth,  and  thirteenth  days.  Growth  was  produced  from  the  cultures 
made  immediately  and  on  the  second  day. 

Inoculation  of  stories  'A  was  with  the  y  strain  and  tests  were  made 
immeiUatoly  after  inocuhition  and  on  the  first,  third,  fifth,  seventh, 
tenth,  twelfth,  fourteenth,  and  seventeenth  days.  In  no  case  were 
positive  subcultures  transferred  except  immediately  after  inoculation 
antl  on  the  fifth  day. 

The  fourth  series  was  inoculated  with  the  z  strain  and  subculture? 
were  transferred  immediately  and  on  the  first,  second,  third,  sixth, 
eiglith,  tenth,  and  tliirteenth  days.  No  positive  results  were  found 
exce]>t  in  the  transfers  made  immeiUately  after  inoculation  and  on  the 
first  day. 

Tlie  above  experiments  were  conducted  in  the  waters  of  IllinoL* 
Kivor  at  Pei^ria.  Subsecjuently  two  experiments  were  made  in  the 
waters  (»f  Lake  Mendota  at  Madison,  Wis.,  where  cultures  were 
removed  on  the  third,  seventh,  tenth,  eleventh,  twelfth,  fifteenth 
and  twenty-first  days  after  inunersion,  but  the  typhoid-fever  organ- 
ism was  isohited  oidy  in  the  samples  removed  on  the  third  and  seventl 
days.  The  experiuHUits  as  a  whole  showed  a  variation  in  the  vitalit} 
of  tlie  ty |)hoid  orirauisnis  and  a  rapid  destruction  of  them  wher 
exposed,  not  to  the  wat(T  nor  the  extraneous  bacteria  themselves,  bui 
merely  to  the  soluble  products  which  these  germs  are  capable  of  pro 
ducing.  (\)ntrol  experiments  were  instituted  with  these  agar  block: 
inoculated  with  the  typhoid  bacilli,  the  blocks  not  being  exposed  ii 
the  water  but  kept  in  the  air.  The  results  showed  that  the  organisn 
was  capable  of  retaining  its  vitality  for  at  least  two  weeks,  and  or 
some  occasions  for  a  longer  })eriod.      (6510-0510.) 

The  witness  stated  that  from  the  r(\sults  of  his  experiments,  taker 
tog(»ther  with  those  of  Professors  Jordan  and  Zeit,  he  would  conclude 
that  the  typhoid  organism  would  live  when  immersed  in  the  waters  o 
Lake  Michigan  for  a  i)eriod  of  six  or  eight  days,  in  Chicago  River  fron 
two  to  three  days,  and  in  Illinois  River  from  tlu*ee  to  four  days  at  th< 
longest.  In  view  of  the  results  o])taine(l  by  the  experiments,  and  th< 
fact  that  in  the  judgment  of  the  witness  t}T>hoid  organisms  dej>osite< 
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in  Chicago  River,  the  drainage  canal,  and  Illinois  River  would  he 
Mibjected  to  influences  even  more  detrimental  than  those  existhig 
under  the  conditions  of  the  experiments,  he  was  of  the  opinion  that  it 
would  take  a  much  longer  period  of  time  for  the  Chicago  sewage  to 
pa.ss  down  Desplaines  and  Illinois  rivers  and  finally  reach  Chain  of 
Rocks  than  is  reciuired  to  kill  typhoid  organisms  when  placed  in  such 
an  environment  as  that  existing  along  these  watercourses.  The 
conditions  imder  wliich  the  experiments  were  made  approach  more 
nejirly  the  actual  conditions  to  which  the  typhoid-fever  organism  is 
subjected  when  exposed  in  a  flowing  river,  and  therefore  from  a 
seientific  standpoint  a  greater  vahie  may  he  attached  to  conclusitms 
based  on  these  experiments  than  to  any  conclusions  that  had  been 
previously  drawn  from  the  experiments  of  other  investigators.  The 
results  show  that  typhoid  bacilli  live  longer  in  puie  water  than  in 
polluted  water.  The  experiments  also  shed  light  on  the  longevity 
of  t^-phoid  bacilli  in  the  sediment  of  polluted  streams,  li^nder  such 
conditions  the  pathogenic  bacteria  are  brought  into  contact  w  ith  even 
a  larger  number  of  other  organisms  than  when  they  are  exposed 
in  the  waters  of  a  river,  and  therefore  they  are  presumably  in  cimtact 
with  increased  amounts  of  imfavorable  metabolic  products,  so  that 
such  conditions  are  c^rtaiidy  not  less  prejudicial  than  those  found  in 
the  water  of  the  stream  itself.  The  witness  expressed  the  opinion 
that  if  the  longevity  of  the  typhoid  bacillus  is  impaired  by  the  action 
of  sewage  and  of  water  bacteria  in  a  polluted  stream,  at  least  the 
same  if  not  a  greater  effect  would  be  produced  if  such  typhoid  organ- 
isms were^in  contact  with  these  bacteria  ami  the  products  of  their 
growth  in  the  sediment  of  the  stream.     (()519-(>523.) 

The  >\itness  differentiated  between  the  ctmditions  prevailing  in 
moist  soil  and  in  the  sediment  of  ruiming  streams  as  follows: 

In  the  case  of  moist  soil  the  interstices  between  the  particles  are  not 
entu^ly  filled  with  water,  but  a  considerable  amount  of  these  spaces 
is  filled  \viih  air.  In  the  sediment  found  in  runnuig  streams  or  lak(\s 
such  interstices  are  entirely  filled  with  water,  lender  the  latter  con- 
tlitions  the  unfavorable  products  of  the  growth  of  bacteria  would  bo 
ireatly  diffused  among  the  typhoid  bacilli  deposited  there,  while 
flnder  the  former  conditions  such  ready  diffusion  could  not  take  place, 
Mtl  therefore  the  typhoid  bacteria  would  acc^uire  a  longer  lease  of 
We.  Therefore,  observations  of  the  hmgevity  of  the  typhoid  germ 
in  moist  soil  are  not  reliable  bases  to  determine  its  longevity  in 
stream  sediment.     The  contlitions  are  not  comparable.     (6525-6530.) 

fl^ith  reference  to  the  evidence  cited  by  George  W.  Fuller  concern- 
^the  persistence  of  typhoid  germs  in  the  sediment  of  Lake  Geneva, 
^  witness,  after  reviewing  the  conditicms,  stated  that  the  results 
^ere  doubtful,  because  early  findmgs  with  reference  to  the  discovery 
^  the  typhoid  organism  must  be  regarded  as  more  or  less  unreliable, 
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for  th«  reason  that  no  bacteriological  data  wore  |efivc»n 
t^H^hnical  methotb  emph>ypfl,  and  thert^fare  tlie  coiiclu^ci 
are  nol  jtistifie<[  from  an ex(M?ri mental  jjuiiit  of  view.     (ii5S(k^ 

The  attention  of  the  witness  wa.s  then  ciir(*ctecl  to  the  typk 
tifities  of  St.  Louis  an<l  Chjt*aj^o  mul  the  general  dnuni^^'  ^ 
Mlssijssippi  and  Mis^sruiri  rivers  ahove  St,  Louis,  He  f*itp<i  I 
methods  of  interpreting  statistics  known  as  the  nuirtalily  per 
and  the  rate  per  unit  of  popidation  methods,  and  expressed  i 
ence  for  the  latter,  for  the  reason  that  hi  his  opinion  the  h 
Jiftblo  to  introduce  errors  which  might  readily  vitiate  the  an3| 
the  statistics.  ^IsHien  the  number  of  deaths  from  any  pi 
dise»i8e  is  compareii  with  the  total  niunl)er  *>f  deaths,  a  \vtim 
of  conifmristm  is  involved.  ^Miat  is  wanted  in  any  given  am 
is  to  knuw  whether  a  (Hsease  is  increasin|r  more  rapidly  tl 
uicrca-^*  in  pupulatitm,  The  fatality  r«t4'  of  any  ditsc*ase  sh< 
be  l>asf>d  on  the  ratio  between  the  death  rate  from  timt  dis^ 
the  total  death  rale,  because  the  variation  whicli  oftim  of^cin 
t<Mal  death  rate  may  be  subject  to  many  conditions,  Supj 
example,  that  a  serious  epidemic  of  some  disea-^e  like  biiboiui 
or  yellow  fever  should  occur.  It  would  be  manifestly  impi 
compare  the  typhoifl  death  rate  in  that  com ni unity  with  t 
number  of  deaths  because  in  such  c^ae  it  would  be  ^howii  i 
typhoid  rate  was  decroasinjr:  wlu^rcas  it  might  actuallv  hi 
increase,  hut  by  reason  of  the  unusual  num])er  of  deaths  du 
epidemic  of  the  other  disease  it  would  appear  to  ])e  less  by  i 
son.      (()54()-6o42.)  • 

Tli(^  witness  tbcn  expressed  the  opinion  that  the  lial)ility  (►f 
e|)i(lemics  arishif]:  by  infeetion  from  rural  populations  w: 
underestimated  and  cited  a  number  of  well-known  cas<\^ 
tbose  at  Lausanne,  Switzerland;  Plymouth  and  Butler,  Pa.: 
Mass.,  and  Ithaca,  N.  Y.  all  of  which  were  attributed  !<> 
points  of  infection  in  rural  conununities.  Such  infection  is  e* 
to  be  feared  on  account  of  the  carelessness  which  prevaiL 
comnumities  in  the  disposition  of  the  dejecta.  Disinfect io 
maintained  as  faithfully  iji  tlie  country  as  in  cities.      (6r)42-' 

The  witness  then  t^ave  it  as  his  opinion  that  the  eviden( 
adchiccd  from  the  chemical  and  ])acteri()lo<?ical  studies  of  rive 
affords  the  best  |)ossi])le  means  known  to  deternnne  whetl 
waters  are  likely  to  serve  as  carriers  of  infection.  The  ai 
evidence  that  can  l)e  jj^atliered  froiu  samples  of  such  waters  1 
frecpient  intervals  for  a  considerable  period  of  time  shoidd  s 
])ro^ress  of  self-])urification  in  such  running  streams,  and  t 
furnished  become  the  foundation  on  which  a  sanitarian  or  ep 
ogist  nuist  base    his  cxmclusions,  although  it  has   been  abu 
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proved  that  water  supplies  are  not  the  only  means  by  which  typhoid 
epidemics  may  be  disseminated.     (6543-6545.) 

With  reference  to  the  apparent  increase  of  typhoid  fever  in  St. 
Louis  during  1900  to  1903,  inclusive,  as  compared  with  previous 
jears,  the  witness  stated  that,  assuming  that  these  statistics  are  true 
and  taking  into  consideration  the  conditions  which  prevailed  in  the 
drainage  basins  of  the  three  rivers  mentioned  and  the  fact  that  there 
are  sources  of  pollution  from  which  typhoid  organisms  might  arise 
which  are  not  so  far  removed  from  St.  Louis  as  Chicago,  and  taking 
into  consideration  further  the  results  of  typhoid  experiments  which 
have  been  made,  as  detailed  in  the  testimony,  he  thought  that  there 
was  no  scientific  reason  justifying  the  conclusion  that  the  increase 
reported  by  the  St.  Louis  board  of  health  for  the  period  above  men- 
tioned is  due  to  infectious  matter  derived  from  the  sewers  of  Chicago 
bv  way  of  the  drainage  canal.     (6545-6546.) 

The  terms  remittent,  intermittent,  typho-malarial,  congestive,  and 
simple  continued  fevers  are  relics  of  old  methods  of  description 
which  attempted  to  differentiate  these  febrile  changes  merely  on  the 
basis  of  the  symptoms  most  evident.  They  are  not  recognized  by 
bacteriologists  or  clinicians  of  the  present  time  as  being  satisfactory 
names  for  specific  types  of  fevers.  The  witness  was  then  asked  a 
hypothetical  question,  based  on  the  assumption  that  the  number  of 
deaths  reported  as  occurring  from  typhoid  fever  and  from  remittent, 
intermittent,  typho-malarial,  congestive,  and  simple  continued  fevers 
during  the  period  from  1890  to  1903  in  St.  Louis  was  as  shown  in 
Table  80  (p.  242).  In  reply  he  expressed  the  opinion  that  the  record 
for  typhoid  fever  did  not  represent  the  total  number  of  deaths  from 
that  disease  occurring  in  the  city,  and  that  the  large  number  of  deaths 
reported  from  the  remittent  fevers  was  due  to  improper  diagnosis. 
If  the  deaths  attributed  to  the  other  diseases  had  been  diagnosed 
according  to  modem  methods  they  would  in  the  large  majority  of 
cases  have  been  found  to  be  typhoid  fever,  and  it  was  the  opinion  of 
the  witness  that  they  should  all  be  included  in  the  statistics  as  such. 
The  death  rate  from  the  malarial  fevers  indicated  in  the  second  column 
is  comparatively  insignificant  in  the  United  States,  and  of  necessity 
it  follows  that  no  city  has  so  high  a  death  rate  from  these  diseases  as 
is  represented  in  the  number  of  deaths  reported  in  the  St.  Louis  sta- 
toics.  It  would  be  practically  impossible  for  anyone  to  give  an 
tecurate  idea  as  to  what  percentage  of  the  deaths  reported  as  due  to 
those  diseases  should  be  certainly  charged  to  typhoid  fever,  but  it 
tould  undoubtedly  be  safe  to  attribute  a  large  proportion  to  this 
fease.  It  is  noteworthy  that  in  regions  where  malaria  is  known  to 
be  common,  and  where  the  best  modem  methods  of  diagnosis  are 
Hnployed,  the  large  number  of  deaths  reported  as  due  to  genuine 
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malarial  fever  has  been  greatly  reduced  since  the  introduction  of 
those  methods.     (6549-6556.) 

Taking  into  consideration  the  fact  that  the  typhoid  statistics  a^ 
reported  to  the  health  commissioner  of  St.  Louis  did  not  represent 
the  actual  conditions  in  that  city  with  reference  to  the  disease,  but 
that  these  statistics  should  be  increased  by  a  large  proportion,  if  Dot 
all,  of  the  deaths  reported  under  the  captions  remittent,  intermittent, 
typho-malarial,  congestive,  and  simple  continued  fevers,  the  \\itness 
expressed  the  opinion  that  when  such  additions  are  made  for  the 
period  covered  by  the  statistics  presented,  and  when  the  corrected 
statistics  are  compared  with  tlie  typhoid-fatality  statistics  of  other 
cities  where  similar  types  of  water  supply  are  used  for  municipal  pur- 
pos(\s,  they  show  that  there  had  been  no  increase  in  the  actutil  numWr 
of  typhoid  deaths  occurring  in  St.  Louis  from  1900  to  1903,  inclusive, 
as  compared  with  the  rate  prevailing  for  the  period  1890  tx)  190t), 
inclusive.     (6559-6560.) 

Tlie  water  supply  ot  St.  Louis  is  not  less  valuable  for  drinking  pur- 
poses nor  more  liable  to  carry  water-borne  diseases  since  the  oi>enin<r 
of  the  Chicago  drainage  canal  than  it  was  before,  because  experiments 
liave  sliown  that  the  typhoid  organism  is  killed  in  Illinois  River  in  a 
period  of  time  less  than  that  which  is  necessary  for  the  water  to  flow 
from  Chicago  to  St.  I^ouis;  and,  the  destruction  of  typhoid  organ- 
isms being  assumed  as  an  index  of  the  destruction  of  all  pathogenic 
organisms  in  water,  it  is  safe  to  assert  that  the  same  statements  are 
true  lor  tlie  cholera  germ.     (6560-6561.) 

Tlie  increase  in  the  speed  of  the  current  of  Illinois  River  caused  by 
the  added  volume  t)f  water  discharged  into  it  from  the  drainage  canal 
l)rohably  alters  the  manner  of  sedimentation  occurring  in  the  river. 
The  added  wat(T  carries  with  it  a  larger  amount  of  suspended  organiq 
nuitter  and  therefore  increases  the  amoimt  of  suspended  material,  the 
result  being  an  increase  of  sedimentation.  If  this  increase  did  not 
cause  an  overflow  of  the  banks,  the  speed  of  the  current  w^ould  carry 
the  suspended  matter  farther  downstream,  but  it  was  the  opinion  o\ 
the  witness  that  tlie  rejuoval  from  the  river  of  the  sewage  from  Jolietj 
Peoria,  and  other  places  along  the  banks  would  be  effected  l>efor( 
such  sewage  reaches  the  Mississippi,  so  that  it  would  not  materially 
alter  the  condition  of  the  Mississippi,  except  in* the  case  of  such  salti 
as  cldorides  and  nitrates,  which  are  not  eliminated  from  the  water  it 
the  purification  of  sewage.  In  (;ase,  however,  the  water  is  maiie  les! 
turbid  by  the  ad(Htion  of  the  discharge  of  the  Chicago  drainage  cana 
the  sedimentation  that  would  normally  occur  in  the  river  would  \m 
lessened.  From  the  experimental  evidence  previously  adduced  con 
cerning  the  limited  period  of  life  of  the  typhoid  organisms  it  woul^ 
follow  that  an  additional  volume  of  water  discharged  from  the  drain 
age  canal,  causing  an  increase  in  the  speed  of  the  current  of  Ulinoi 
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River,  would  not  have  any  effect  in  increasing  or  diminishing  typhoid 
fever  among  the  inhabitants  of  the  State  of  Missouri  who  use  the 
waters  of  the  Mississippi  below  the  mouth  ot  Illinois  River. 
(6561-65620 

The  witness  then  contradicted  the  assertion  of  Professor  Sedgwick 
concerning  the  longevity  of  the  germ  of  typhoid  fever,  namely,  *'My 
belief  is  that  in  a  sewage^polluted  stream  the  typhoid  germ  might  live 
in  gradually  diminishing  numbers  for  weeks,  or  months,  or  even 
years,"  stating  that  it  has  been  shown  by  experimental  evidence  that 
the  typhoid  organism  dies  out  with  special  rapidity  in  sewage-polluted 
waters.  He  also  considered  untenable  the  assimiption  of  Professor 
Sedgwick  that  typhoid  fever  germs  could  pass  from  the  sewers  of 
Chicago  by  way  of  the  drainage  canal  to  Lake  Peoria  and  be  depos- 
ited there  in  the  bed  of  the  lake  for  a  period  of  one  month  and  after- 
wards be  swept  out  and  contaminate  the  water  supply  of  St.  Louis. 
He  further  stated  that  he  knew  of  no  evidence  justifying  Professor 
Sedgwick's  conclusion  that  there  might  at  times  be  a  larger  number 
of  typhoid  organisms  in  Lake  Peoria,  due  to  accumulations  there, 
than  would  actually  be  passing  out  of  the  drainage  canal  at  the  Bear 
Trap  dam.  On  the  contrary,  there  was  every  reason  to  believe  that 
the  typhoid  organisms  present  at  the  Bear  Trap  dam  would  be 
entirely  discharged  before  reaching  Lake  Peoria.     (6562-6566.) 

The  witness  expressed  the  opinion  that  the  five  dams  erected  across 
DUnois  River  would  act  in  a  material  way  in  aiding  the  sedimentation 
of  dangerous  matters  deposited  in  that  stream,  but  in  view  of  the 
fact  that  the  sewage  of  Chicago  is  practically  purified  before  it  reaches 
th^e  dams  they  actually  have  no  effect  on  purification  of  the  river 
so  far  as  Chicago  sewage  is  concerned.     (6577-6578.) 

Missoiui  River,  draining  a  large  area  on  which  many  cities  are 
located  which  discharge  sewage  into  the  stream,  must  be  regarded  as 
very  liable  to  carry  pollution  for  varying  distances,  and  therefore  can 
not  be  considered  as  a  safe  source  of  water  for  drinking  purposes  at 
Fort  Bellefontaine.  Ilhnois  River  above  Grafton  was  also  considered 
unsafe,  but  the  opening  of  the  drainage  canal  did  not  make  it  more 
unsafe  than  it  was  previous  to  the  date  of  the  opening.  The  witness 
then  closed  his  direct  testimony  with  the  following  statement: 

In  view  of  thfe  fact  that  the  conditions  which  obtain  in  the  city  of  St.  Louis  and 
tlie  conditions  of  the  watersheds  which  are  immediately  adjacent  to  this  city;  in  view 
^  the  fact  that  the  typhoid-fever  death  rate  in  that  city  is  dependent  upon  other 
conditions  than  those  due  to  the  water  supply  of  that  city  and  may  be  materially 
wifluenced  by  operation  of  many  other  factors;  in  view  of  the  conditions  which  obtain 
in  the  Illinois  River  with  reference  to  the  process  of  purification  which  would  occur 
in  the  sewage  of  Chicago  when  deposited  in  the  drainage  canal;  and  taking  into  con- 
sdaation  all  the  knowledge  which  I  possess  with  reference  to  all  data  which  bear 
<iirectly  or  indirectly  upon  the  question  involved,  it  is  my  opinion  that  the  increase 
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in  th?  ty[)hoid  dc^ih^,  bh  r^pr^rted  in  tbe  city  of  St.  homs,  aAtiQitiig  iudi  xvsm 
be  tfuCi  which  have  occiirrcrl  since  the  opening  of  the  drainage  caD&l»  c«n  witW| 
all  reaaoDi^yo  doubt  1.>e  attribtitf^l  as  a  direct,  imnaedmt<?,  and  appitijdmiu?  no 
said  Increise  t/o  the  openijig  of  that  drainage  canal.     (fSdSl.) 


DROSS- EX  AJUINATIDN, 


,ce  ^'ifl 


With  repjard  to  the  index  of  sewago  |K>llution  in  surface 
witness  stated  that  it  is  generally  coiic€*le*l  thflt  the  pr 
bacteria  belonging  to  the  colon  type  is  significant.  A  wat^T  « 
containing  a  large  number  of  these  organisms  can  be  n^iidf 
bacteriologists  as  having  been  more  or  less  pollutetl  with  sinnri 
no  distant  dat«.  He  did  not  recall  any  castas  where*  under  m 
concUtions  a  water  had  been  infected  with  disease-pmduciiif  a 
isms  to  such  an  extent  as  to  be  able  to  profhice  [Epidemic  di«iieas 
where  euch  water  had  failed  to  reveal  the  presence  of  the 
organisms  in  consirlerable  numbers,  aUhough  he  eould  conm 
cases  in  which  infection  was  sporadic  and  discoutlnuoug,  whd 
evidence  of  such  infection  might  not  be  revealed  by  bacterioli 
examination  anii  still  that  water  may  have  previously  been  tbf 
of  an  epidemic  of  disease,     (6583-6584.) 

Bacteria  of  the  colon  type  might  be  found  in  water  that  had 
unexposed  to  sewage*  The  colon  organism  is  a  normal  inhd 
of  the  intestinal  tract  at  higher  animals  and  tlierefore  its  niepe 
encc  in  a  surface  water  can  not  be  regarded  as  direct  evider 
lunnan  pollution;  but  the  intimate  relation  existing  between 
ogenic  organisms  ca])al)le  of  ])roducing  disease  and  certain 
known  bacteria  which  do  not  belong  to  the  distinctive  path< 
class,  but  which  are  always  ])resent  in  intestinal  discharges,  ma 
advisable  and  nec(\ssary  to  resort  to  the  colon  test.      (6080J 

E.  G.  HASTINGS. 

E.  G.  Hastings,  called  as  a  witness  on  behalf  of  the  defcnr 
stated  that  he  was  an  instructor  in  bacteriology.  His  testii 
was  a  corroboration  of  that  of  II.  L.  Russell  with  reference  t< 
ex])eriments  on  the  longevity  of  the  typhoid  baccillus  when  cxf 
to  sewage.  The  witness  was  Professor  Russell's  assistant  in  o'>i 
tion  with  the  ex|)criiuents  on  parchment  cells  and  nuide  inocula 
therefrom  in  the  work  carried  on  in  Illinois  River  at  Avery 
(()71()-673:3.) 
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F.  ROBERT  ZEIT. 
DIRECT   EXAMINATION. 

F.  Robert  Zeit,  a  witness  called  in  behalf  of  the  defendants,  stated 
that  he  was  a  teacher  in  the  Northwestern  University  medical  school 
and  post  graduate  medical  school  of  pathology  and  bacteriology, 
having  occupied  the  position  for  five  years;  he  had  received  his  early 
education  in  Switzerland  and  Germany,  and  had  taken  the  regular 
medical  course  at  the  Western  Reserve  University  at  Cleveland, 
Ohio,  from  1884  to  1887 ;  afterwards  for  three  years  he  was  instructor 
and  collaborator  in  the  private  laboratorj^of  Professor  Klebs,  instruc- 
tor of  pathology  in  the  Rush  Medical  College;  he  was  then  called  to 
the  Northwestern  University  as  teacher  in  bacteriology;  after  one 
year  was  made  professor  of  bacteriology  in  the  university  medical 
scl»ool,  and  later  was  placed  in  charge  of  the  entire  department  of 
pathology  and  bacteriology.  During  the  entire  seven  years  in  which 
the  witness  was  engaged  exclusively  in  teaching  bacteriology  and 
pathology  he  had  made  special  studies  of  these  questions.  Before 
engaging  in  the  profession  of  teaching,  he  had  practiced  medicine 
and  surgery  in  Wisconsin  and  in  Chicago  for  ten  years.     (4396-4398.) 

The  witness  stated  that  from  February  6  to  October  1,  1900,  he 
had  made  bacteriological  examinations  of  the  waters  of  the  Chicago 
drainage  canal  and  lUinois  River,  samples  being  furnished  to  him 
by  Professor  Long.  He  stated  that  in  this  series  of  investigations 
his  province  had  been  merely  the  determination  of  the  presence  or 
the  absence  of  pathogenic  bacteria.  He  did  not  make  any  counts 
of  colonies  or  any  of  the  usual  tests.  The  samples  when  received 
from  Professor  Long  were  plated  out  on  gelatine  and  agar;  from 
three  to  sixteen  dilutions  were  made  in  Petri  dishes.  Glucose  agar 
plates  for  the  growth  of  anaerobes  were  also  made.  All  the  gelatine 
plates  w^ere  kept  at  a  temperature  of  20°  to  22°  C.  and  the  agar  plates 
in  the  incubator  at  37°  C.  The  plates  were  examined  daily  and  pure 
cultures  obtained  on  agar  from  the  various  colonies,  between  the 
second  and  eleventh  days.  The  pure  cultures  were  then  subjected 
U>  such  further  study  as  was  necessary.  The  results  of  the  examina- 
tions are  set  forth  m  Table  82.     (4398-4421.) 
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The  witness  stated  that  in  connection  with  the  foregoing  investi- 
gations experiments  were  made  on  guinea  pigs  by  injecting  in  each 
4  c.  c.  of  water  from  each  of  the  stations  where  samples  were  pro- 
cured. Another  set  of  experiments  was  made  in  the  same  maimer 
with  cultures  obtained  from  the  samples  submitted  by  adding  1  c.  c. 
of  the  water  to  5  c.  c.  of  nutrient  bouillon  and  keeping  the  mixture 
in  an  incubator  at  a  temperature  of  37°  C.  for  twenty-four  hours. 
The  guinea  pigs  inoculated  with  the  specimens  of  the  Lake  Michigan 
tap  water  all  recovered,  and  of  three  guinea  pigs  inoculated  by  intra- 
peritoneal injections  with  cultures  obtained  from  this  water  only 
one  died  of  sepsis,  and  subcutaneous  injections  caused  only  local 
abscesses,  from  which  the  animals  all  recovered.  Intraperitoneal 
injection  of  the  guinea  pigs  with  water  taken  from  the  drainage 
canal  at  Western  avenue  did  not  prove  fatal  in  any  instance,  but 
the  animals  injected  with  cultures  invariably  died.  Injection  of  the 
water  obtained  at  Bridgeport  did  not  produce  death,  but  all  the  cul- 
tures were  fatal,  though  in  only  one  instance  did  death  result  from 
subcutaneous  injection.  Water  taken  at  Lockport  produced  no 
results,  while  the  effect  on  animals  inoculated  with  cultures  from 
these  samples  was  varied — some  of  them  recovered,  one  died  of  sep- 
sis, and  one  that  had  apparently  recovered  died  after  a  period  of 
about  two  weeks,  though  post-mortem  examination  failed  to  dis- 
close bacteria.  In  the  blood  of  the  animal  which  died  promptly 
proteus  forms  were  most  prominent.  All  those  which  recovered  had 
an  elevated  temperature  and  lost  rapidly  in  weight  for  several  days. 
Water  taken  at  Joliet  when  injected  intraperitoneally  produced  no 
effect,  and  of  all  the  animals  inoculated  with  cultures  only  one  died 
of  sepsis,  the  others  recovering.  Both  the  water  and  cultures  t^ken 
at  Wilmington,  on  Kankakee  River,  produced  no  results  by  intra- 
peritoneal injection.  Direct  intraperitoneal  injection  of  the  water 
taken  at  Morris,  on  Illinois  River,  in  one  instance  caused  death  in 
eleven  days,  while  other  samples  did  not  produce  fatal  results. 
Experiments  with  mixed  cultures  gave  uncertain  results,  some  of  the 
animals  dying  and  some  not.  Samples  of  water  taken  from  Illinois 
River  at  Ottawa  and  cultures  obtained  therefrom  proved  not  to  be 
virulent.  Samples  from  Fox  River  at  Ottawa  and  mixed  cultures 
obtained  from  them  were  nonproductive  of  fatal  results.  Illinois 
River  water  taken  at  La  Salle  in  one  case  proved  fatal,  the  anima] 
dying  of  sepsis.  The  cultures  of  this  water,  however,  were  very 
virulent.  Direct  injection  of  the  water  taken  at  Henry  did  not 
cause  death,  though  the  mixed  cultures  from  these  samples  were 
virulent.  The  cultures  obtained  from  Averyville  samples  w^ere 
entirely  nonvirulent.  The  witness  stated  that  the  evidence  of  bac- 
terial self-purification  afforded  by  the  examination  of  these  sample?^ 
showed  that  there  was  a  gradual  decrease  in  the  niunber  of  disease- 
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producing  as  well  as  sewage  bacteria  from  Chicago  to  Aveiyville. 
He  believed  that  the  experiments  on  the  guinea  pigs  constituted 
sufficient  proof  that  the  zone  of  self-purification  must  be  reached 
somewhere  above  or  near  that  place.  With  regard  to  the  samples 
received  from  Peoria,  he  testified  that  direct  injection  of  the  water 
caused  death  in  eleven  days,  while  another  animal  died  of  sepsis 
within  twenty-four  hours  after  inoculation,  and  that  the  bacteria 
markedly  increased  at  this  point.  Both  the  water  taken  from  Illi- 
nois River  at  Havana  and  the  cultures  made  with  it  were  shown  to 
be  highly  productive  of  disease  in  guinea  pigs  and  white  mice  when 
injected  intraperitoneally.  A  number  of  the  animals  died  of  anthrax 
bacteremia  within  forty  to  forty-eight  hours,  and  the  blood  of  all  of 
them  contained  numerous  anthrax  bacilli.  Water  taken  from  Spoon 
River  at  Havana,  however,  did  not  prove  fatal  in  any  instance,  nor 
were  the  cultures  virulent.  Samples  taken  at  Pearl  and  Grafton 
and  the  cultures  obtained  therefrom  were  nonvirulent.     (4403-4421.) 

With  reference  to  the  relative  longevity  of  disease-producing 
organisms  and  the  ordinary  water  bacteria  and  saprophytes  in  Illi- 
nois River  and  the  drainage  canal,  the  witness  stated  that  the 
growth  and  multiplication  of  the  ordinary  water  bacteria  depend 
very  little  on  organic  matter  in  the  water  or  its  temperature,  but 
the  condition  and  growth  of  the  saprophytic  or  sewage  bacteria 
are  largely  governed  by  the  presence  or  absence  of  dead  organic 
matter,  and  they  usually  require  a  somewhat  higher  temperature 
than  the  ordinary  water  bacteria.  The  existence  or  disappearance  of 
the  pathogenic  or  disease-producing  bacteria  (including  the  typhoid 
and  cholera  bacilU)  is  dependent  on  dilution,  light,  temperature,  and 
the  presence  or  absence  of  large  numbers  of  saprophytes.  Where 
the  saprophytes  are  nmnerous,  the  typhoid  and  similar  pathogenic 
bacteria  are  rapidly  overgrown  by  them  and  disappear  in  five  or  six 
days.  Where  conditions  are  favorable  to  the  production  and  mul- 
tiplication of  water  bacteria,  the  existence  of  the  pathogenic  bacte- 
ria reaches  eight  to  ten  days.  If  typhoid  bacilli,  however,  are  placed 
in  water  containing  none  of  the  other  two  types  of  bacteria,  they 
can  live  for  weeks,  even  in  the  absence  of  food.  The  higher  the 
temperature  the  more  favorable  the  conditions  are  for  the  growth  of 
the  disease-producing  bacteria,  while  low  temperatiu'es  make  their 
multiplication  impossible.  According  to  the  witness  the  typhoid 
bacilli,  in  the  absence  of  many  water  bacteria  and  saprophytes,  will 
live  for  some  time;  the  smaller  the  number  of  saprophytes  the  longer 
the  existence  of  the  typhoid  bacilli.     (4421-4422.) 

The  witness  further  stated  that  the  typhoid  bacillus  will  multiply 
only  in  a  favorable  temperature,  the  optimiun  being  37°  C,  or  about 
blood  heat,  and  only  where  there  is  organic  matter  for  food.  While 
the  typhoid  bacillxis  can  grow  in  as  low  a  temperatiu'e  as  24°  C,  a 
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mixture  with  other  rapidly  growing  bacteria  at  this  temperature  will 
result  in  its  overgrowth  and  disappearance.     (4423.) 

He  then  expressed  the  opinion  that  the  number  of  bacteria  is  not  of 
so  much  importance  in  determining  the  purity  or  impurity  of  a  given 
body  of  water  as  their  character.  The  number  of  water  bacteria  may 
be  very  great  and  not  have  much  significance,  whereas  if  they  are  sew- 
age or  pathogenic  bacteria  the  number  may  be  very  small  and  the 
water  might  be  called  perfect  chemically,  but  could  not  be  called  per- 
fect bacteriologically.  Furthermore,  to  judge  solely  by  the  number 
of  bacteria  present,  a  water  containing  less  than  50  germs  per  cubic 
centimeter  would  have  to  be  called  a  good  water,  and  yet  if  these  50 
germs  happened  to  be  disease  producing  the  water  should  be  con- 
demned. The  number  of  bacteria  is  significant  only  in  determining, 
after  the  normal  condition  has  been  ascertained,  whether  pollution  in 
a  given  body  of  water  is  increasing  or  diminishing.  The  essential  point 
is  the  quality  of  the  germs  and  whether  they  are  sewage  or  water 
bacteria.     (4426.) 

The  witness  stated  that  he  had  not  f oimd  any  typhoid  bacilli  in  his 
examinations  of  the  waters  of  Illinois  River  or  the  drainage  canal,  but 
that  this  was  by  no  means  strange,  because  it  was  frequently  the  case 
that  sewage  contaminated  with  typhoid  bacilli  got  into  comparatively 
large  bodies  of  water  where  the  dilution  would  be  so  tremendous  as  to 
make  it  difficult  or  impossible  to  relocate  the  germs.  The  typhoid 
bacillus  does  not  multiply  at  the  normal  temperature  of  river  or  lake 
water,  and  in  case  of  contamination  of  such  waters  by  sewage  the 
typhoid  germs  are  overgrown  by  water  bacteria  and  ultimately  disap- 
pear. The  witness  stated  that  even  where  it  is  known  that  a  water 
supply  has  been  contaminated  by  sewage  containing  typhoid  bacilli, 
bacteriologists  have  been  unable  to  find  these  germs,  the  reasons 
being,  first,  that  the  unfavorable  temperature  of  the  water  pre- 
vents multiplication  of  pathogenic  organisms;  second,  that  sewage 
bacteria  undergo  rapid  multiplication  and  overgrow  the  parasitic  bac- 
teria; and,  third,  that  extensive  dilution  takes  place  and  separates  the 
bacilli  so  far  that  they  can  not  be  found.  Furthermore,  in  most  epi- 
demics where  search  has  been  made  for  typhoid  bacilli  and  they  have 
not  been  found,  the  time  of  infection  or  of  contamination  has  no  doubt 
been  passed  by  several  weeks,  and  the  typhoid  bacilli  which  might 
have  been  found  earlier  have  entirely  disappeared  during  that 
period.     (4427.) 

Being  asked  what  significance  was  to  be  attached  to  the  gradual 
disappearance  of  sewage  and  pathogenic  bacteria  in  running  water, 
the  witness  expressed  it  as  his  opinion  that  by  reason  of  the  over- 
growth of  saprophytes  in  the  presence  of  organic  material,  together 
with  a  temperature  favorable  to  their  rapid  multiplication,  the  patho- 
genic bacteria  in  such  water  are  destroyed  entirely.     In  other  words, 
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by  the  rapid  multiplication  of  sewage  bacteria,  the  disease-producing 
bacteria,  which  grow  best  at  the  temperature  of  the  body,  will  be  over- 
grown and  will  perish,  so  that  by  the  time  the  sewage  bacteria  and 
organic  matter  has  disappeared  the  purification  of  the  water  of  patho- 
genic bacteria  must  be  complete.     (4431.) 

Assuming  that  the  dejecta  of  typhoid-fever  patients  in  Chicago  are 
carried  into  the  drainage  canal  through  the  sewers  of  the  city;  that  the 
waters  in  that  canal  contain  immense  numbers  of  saprophytes  and 
ordinary  water  bacteria,  to  the  number  of  70,000  and  frequently  as 
many  as  4,000,000  per  cubic  centimeter;  that  it  requires  at  least 
twenty-four  hours,  and  at  times  as  much  as  forty-eight  hours,  for 
the  water  to  pass  from  the  Chicago  sewers  into  Chicago  River  and  the 
drainage  canal  and  reach  the  Bear  Trap  dam;  and  assuming  further, 
that  the  flow  in  Desplaines  and  Illinois  rivers  is  equal  to  40  miles  in 
twenty-four  hours,  the  witness  expressed  the  opinion  that  the  typhoid 
bacilli  would  not  survive  as  far  as  Peoria,  for  the  reason  that  the  sapro- 
phytic bacteria  increase  at  such  a  tremendous  rate  in  the  drainage 
canal  as  to  actually  overgrow  and  annihilate  any  pathogenic  bacteria 
in  the  water.     (4456-4458.) 

With  reference  to  the  conclusions  to  be  drawn  from  his  experiments, 
set  forth  in  Table  77,  as  to  the  relative  bacterial  purity  of  the  respec- 
tive streams  at  the  time  of  examination,  the  witness  stated  that  he 
would  regard  Missouri  River  as  more  polluted  than  the  Mississippi  or 
the  Illinois,  and  the  Mississippi  as  more  polluted  than  the  Illinois. 
(4459.) 

The  relative  longevity  of  the  typhoid  bacillus  as  compared  with  that 
of  Bacillus  prodigiosus  was  stated  by  the  witness  to  be  ordinarily  very 
similar,  though  it  depends  entirely  on  the  surrounding  conditions.  It 
was  his  opinion  that  in  the  waters  of  Illinois  River  and  the  Illinois  and 
Michigan  Canal  Bacillus  prodigiosus  would  live  longer  than  the  typhoid 
baciUus.     (4463-4464.) 

The  witness  stated  that  in  his  examinations  of  the  waters  of  Lake 
Michigan,  Chicago  River,  Illinois  River,  and  the  drainage  canal  he  had 
never  discovered  BaciUus  prodigiosus,  but  that  he  had,  during  the 
early  part  of  his  work  in  1900,  occasionally  obtained  in  Lake  Michigan 
a  few  red  colonies  which  appeared  to  have  all  the  characteristics  of 
this  germ,  differing,  however,  in  that,  they  grew  very  well  on  sterilized 
banana  slices,  were  larger  than  the  ordinary  B.  prodigiosus,  and  occa- 
sionally produced  gas.  No  description  of  another  organism  could  be 
found  in  literatiu^e  corresponding  to  these  bacteria,  and  so  he  had  been 
inclined  to  call  them  B.  prodigiosus,  but  while  on  culture  media  they 
seemed  almost  identical  with  B,  prodigiosus,  on  agar  they  had  the 
appearance  of  red  sealing  wax.  For  this  reason  he  had  called  them 
the  sealing-wax  organisms.     (4465.) 

The  zone  of  bacterial  pxirification  of  a  river,  according  to  the  witness. 
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is  that  part  of  a  sewage-poUuted  stream  where  saprophytic  organisms 
and  pathogenic  bacteria  have  disappeared  and  where  the  normal  bac- 
terial flora  of  the  river  before  it  received  the  pollution  is  again  estab- 
lished. This  zone  varies  in  different  rivers  and  in  different  localities 
between  distances  of  9  to  40  miles.  As  examples  of  rivers  in  which 
the  zone  oi  purification  has  been  determined  by  bacteriologists,  the 
witness  cited  the  following: 

The  River  Seine,  after  receiving  all  the  sewage  of  Paris,  purifies 
itself  within  a  distance  of  70  kilometers,  or  43  miles,  having  the  same 
number  of  organisms  and  the  same  bacterial  flora  that  it  had  before 
receiving  the  sewage.**  The  River  Oder  receives  the  sewage  of 
Breslau  and  20  miles  below  the  city  contains  the  same  number  of  bac- 
teria that  it  did  previous  to  receiving  the  sewage.*^  The  city  of 
Zurich,  Switzerland,  discharges  its  sewage  into  the  River  liminat, 
which  flows  from  a  lake  of  very  pure  water,  containing  between  100 
and  200  bacteria  per  cubic  centimeter.  Fourteen  kilometers,  or  9 
miles  below  the  city,  this  river  has  again  established  its  bacterial 
purity.*^  The  River  Isar  receives  all  the  sewage  of  Mimich  and  puri- 
fies itself  within  a  distance  of  33  kilometers,  or  20  miles.^  The  Rivei 
Spree,  after  receiving  the  sewage  of  Berlin,  which  is  so  great  as  to 
cause  the  bacteria  to  increase  to  about  1,000,000  per  cubic  centimeter, 
flows  through  the  small  lake  of  Havel,  and  on  its  exit  from  the  lake  al 
Sacrow  has  practically  the  same  bacterial  condition  that  it  had  pre- 
vious to  receiving  the  Berlin  sewage*.  The  distance  traveled  by  thi 
sewage-polluted  water  was  beUeved  by  the  witness  to  be  about  J 
miles.     (4466-4468.) 

The  witness  expressed  the  opinion  that  typhoid  bacilU,  after  lyin| 
in  the  bed  of  a  stream  for  a  period  in  excess  of  sixty  days,  would  hi 
unable  to  cause  typhoid  fever  when  taken  into  the  human  system,  an( 
when  asked  if  a  substance  coming  from  the  sewers  of  Chicago  througl 
the  drainage  canal  and  deposited  on  the  bed  of  Illinois  River  coul< 
remain  for  any  considerable  length  of  time  and  still  retain  its  danger 
ous  qualities  and  pathogenic  bacteria,  he  stated  that  he  believed  sucl 
pathogenic  bacteria  would  die  in  the  drainage  canal,  owing  to  th 
increase  of  saprophytic  bacteria.  It  was  his  opinion  that  the  sewag 
discharged  by  Chicago  into  the  drainage  canal  could  not  and  did  no 
constitute  a  menace  to  St.  Louis  or  to  the  inhabitants  of  Missouri 
From  all  the  examinations  he  had  made  of  Illinois,  Mississippi,  ani 
Missouri  rivers  during  October,  November,  and  December,  1901,  am 
February  and  March,  1902,  it  was  his  opinion  that  bacteriological! 
the  Illinois  was  less  polluted  than  either  of  the  other  two  riven 
(4471-4473.) 

a  Rubner,  Hygiene,  Berlin,  1901.  d  Prausnitz,  Hygiene,  1900  or  1901. 

b  Franlcland  <  Zeitaohrift  f&r  Hygiene,  voL  3  ,p.  356^ 

c  Scblatter,  Zeitschnft  fOr  Hygiene,  vol.  190,  p.  60. 
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With  reference  to  the  BdcHlus  prodigiosus  experiment  described  in 
the  testimony  of  Doctor  Ravold,  for  the  complainant,  the  witness  stated 
that  there  should  be  considerable  doubt  as  to  the  identity  of  the  few 
prodigiosus  bacilli  reported  to  have  been  discovered  after  the  dis- 
charge of  the  cultures  into  the  drainage  canal,  for  the  reason  that  the 
isolation  of  these  bacteria  was  based  on  the  red  reaction  test  alone, 
which  is  not  sufficient  to  establish  their  identity  beyond  question. 
Therefore,  taking  into  consideration  the  many  milMons  of  these  bacilli 
discharged  into  the  canal,  their  practical  absence  afterwards  would  be 
an  indication  of  the  purification  of  the  water;  and  since  the  typhoid 
bacillus  would  not  live  as  long  imder  these  same  conditions  as  B.  pro- 
digiosus, it  would  follow  that  typhoid  bacilli  discharged  into  the  drain- 
age canal  from  the  sewers  of  Chicago  would  not  survive  the  passage 
down  Illinois  and  Mississippi  rivers  and  into  the  intake  tower  of  the 
St.  Louis  waterworks  at  Chain  of  Rocks.     (4477-4478.) 

CROSS-EXAMINATION. 

During  the  cross-examination  the  witness  stated  that  he  had  made 
experiments  on  the  life  of  the  typhoid  germ  in  samples  of  water  from 
Illinois  River  at  Grafton,  Missouri  River  above  its  mouth,  and  Mis- 
sissippi River  above  its  confluence  with  the  Illinois.  The  river  water 
was  first  inoculated  with  different  known  quantities  of  twenty-four- 
hour  bouillon  culture  of  typhoid  bacilU  and  placed  in  the  refrigerator 
at  a  temperature  of  10°  to  12°  C.  It  was  then  plated  out  daily  on  agar 
in  a  number  of  dilutions.  Fifteen  to  twenty  plates  were  made,  and 
from  these  the  one  showing  the  most  distinct  colonies  was  selected 
and  all  the  colonies  thereon  that  looked  like  typhoid  were  marked  for 
examination.  It  was  then  determined  whether  or  not  the  colony 
was  a  bacillus  and  if  so  whether  or  not  it  was  motile.  If  not  a  motile 
bacillus,  it  was  thrown  out.  The  Widal  reaction  would  be  obtained 
with  a  motile  bacillus  by  the  use  of  the  serum  of  an  immunized  rabbit 
or  the  blood  of  a  typhoid  patient.  A  positive  reaction  was  considered 
satisfactory  evidence  of  the  presence  of  the  typhoid  bacillus,  but  w  here 
no  such  reaction  could  be  obtained  the  usual  cultures  w  ere  made  of  the 
suspicious  motile  bacilH.  In  these  experiments,  the  witness  was 
unable  to  find  the  typhoid  bacillus  after  five  or  six  days,  even  where 
large  quantities  of  bouillon  culture  were  inoculated  into  the  water. 
(4482-4483.) 

The  witness  stated  that  when  the  water  of  a  river  was  at  the  freez- 
ing point,  as  it  is  in  the  coldest  part  of  the  year,  both  saprophytes  and 
typhoid  bacilli  would  probably  remain  as  they  would  in  ice;  that  as 
the  temperature  became  lower  than  that  of  the  air  the  saprophytes 
would  increase  less  and  less,  and  that,  in  his  opinion,  conditions  in 
water  polluted  by  sewage  are  more  favorable  for  the  life  of  the  typhoid 
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bacillus  than  the  conditions  would  be  in  laboratory  experiments,  owinp 
to  the  greater  amount  of  organic  matter  present  in  the  polluted  water. 
(4485-4487.) 

In  comparing  the  effects  of  the  injection  of  typhoid  and  colon 
bacilli,  the  witness  stated  that  if  typhoid  culture  is  injected  into  an 
animal  no  infection  results,  but  death  follows  from  poisons  producing 
a  toxic  effect,  all  animals  being  immune  from  typhoid  fever.  Injec- 
tion of  the  colon  bacilli  may  result  in  death  through  to:dc  causes,  but 
injection  is  usually  followed  by  an  infection,  the  animal  dying  of 
septic  peritonitis  after  a  period  of  five  to  ten  days.     (4536-4537.) 

In  response  to  a  direct  question  the  witness  admitted  that  it  would 
be  possible  for  typhoid  germs  which  had  been  frozen  into  a  block  of 
ice  in  the  drainage  canal,  on  the  passage  of  the  ice  down  the  canal  and 
into  Illinois  River,  to  reach  the  intake  of  the  St.  Louis  waterworks  if 
the  bacteria  had  survived  the  freezing  process.     (4609.) 

REDIRECT   EXAMINATION. 

Four  months  later  Professor  Zeit  was  recalled  for  further  direct  tes- 
timony and  stated  that  since  having  previously  testified  in  the  case  he 
had,  in  conjimction  with  Professors  Jordan  and  Russell,  made  experi- 
ments on  the  longevity  of  the  typhoid  bacillus,  his  part  of  the  work 
having  been  the  examination  of  samples  of  water  from  Lake  Michigan 
and  Chicago  River.  Two  plans  were  adopted.  The  first  involved 
the  use  of  parchment  sacks  and  the  second  the  use  of  celloidin  sacks, 
both  intended  to  allow  osmosis  and  both  containing  typhoid  bacilli  in 
the  presence  of  the  saprophytes  normally  present  in  the  waters,  the 
object  being  to  allow  the  saprophytic  bacteria  to  multiply  and  yet  not 
retain  within  the  sack  their  excretions,  which  would  destroy  the 
typhoid  bacilli.  There  was  a  free  interchange  of  conditions  inside  and 
outside  of  the  sack,  the  one  difference  being  that  within  the  sack  were 
imprisoned  the  typhoid  bacilli.     (6421-6422.) 

The  sacks  were  inoculated  with  typhoid  bacilli  that  had  been  grown 
upon  agar  slants  for  twenty-four  hours  in  the  incubator,  enough  of  the 
bacilli  being  placed  in  the  sacks  to  produce  a  mixture  of  about 
500,000  typhoid  bacilli  per  cubic  centimeter  of  water.  One  strain  of 
typhoid  bacilli,  received  from  Professor  Jordan,  was  obtained  from  the 
blood  of  a  typhoid-fever  patient  in  the  Cook  County  hospital.  A  sec- 
ond strain,  received  from  Parke,  Davis  &  Co.,  of  Detroit,  had  been 
used  to  immunize  a  horse.  With  this  strain  the  serum  of  the  immu- 
nized horse  was  also  received.  The  sacks  were  suspended  in  Chicago 
River  at  the  Ashland  Avenue  Bridge  in  boxes  similar  to  those  de- 
scribed in  the  testimony  of  Professor  Jordan,  and  in  Lake  Michigan 
similar  sacks  were  suspended  in  a  jar  through  which  the  fresh  lak€ 
water  was  constantly  flowing.     From  the  time  the  sacks  were  sua- 
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pended  in  the  two  localities  agar  plates  from  both  samples  were  made 
daUy.     (6423-6424.) 

In  the  experiments  conducted  with  the  parchment  sacks  a  typhoid 
suspension,  made  by  distributing  material  from  colonies  grown  upon 
agar  slants  for  twenty-four  hours,  was  used.  The  sacks  were  first 
filled  with  800  c.  c.  of  river  water,  to  which  was  then  added  enough  of 
the  suspension  of  typhoid  bacilli  to  make  in  the  sack  a  mixture  of 
200,000  to  1,500,000  typhoid  bacilli  per  cubic  centimeter  of  water. 
The  average  mixture  used  contained  500,000  bacilli  per  cubic  centi- 
meter of  water.  After  infection  samples  were  plated  out  at  once  and 
on  the  following  day  a  sample  of  the  water  was  removed  from  the 
sack  by  means  of  a  sterile  pipette,  the  sack  having  been  first  examined 
for  leaks.  This  sample  was  immediately  taken  to  the  laboratory  and 
plated  out.  For  each  agar  plate  from  0.001  to  5  c.  c.  was  used. 
Eight  experiments  were  made  at  each  of  the  sampling  points,  and  a 
number  of  examinations  were  made  for  each  experiment,  the  first 
being  usually  twenty-four  hours  after  the  placing  of  the  sack  in  the 
water  and  the  others  daily  thereafter.     (6424-6425.) 

In  the  parchment-sack  experiments  only  one  sack  was  placed  in  the 
water  for  each  experiment,  and  samples  were  removed  dai'y  for 
examination,  but  in  those  with  the  celloidin  sacks  a  number  of  sacks 
were  placed  in  the  water  at  the  same  time  and  one  sack  was  removed 
each  day  for  the  examination.  In  no  case  was  a  sample  of  water 
removed  from  the  celloidin  sack  for  examination,  the  object  being  to 
avoid  all  possible  chance  of  contamination.     (6426.) 

Aft^r  the  samples  of  water  had  been  taken  to  the  laboratory  and 
plated  out  the  agar  plates  were  placed  in  the  incubator  over  night. 
They  were  examined  from  day  to  day  and  any  suspected  typhoid 
colonies  were  inoculated  into  the  Hiss  medium.  The  colonies  which 
in  the  medium  proved  to  be  nonmotile  bacteria  or  which  produced 
gas  were  thrown  aside.  The  motile  colonies  which  showed  no  gas 
were  then  tested  with  the  serum  of  the  immunized  horse.  In  all  the 
experiments  it  was  foimd  that  although  during  the  first  twenty-four 
hours  the  total  number  of  bacteria  increased  greatly  the  typhoid 
bacilli  could  still  be  detected.  Then  a  decrease  would  set  in,  and  in 
no  case  were  the  typhoid  bacilli*  f oimd  after  a  period  of  three  days. 
The  results  of  the  experiments  with  the  two  types  of  sacks  were  prac- 
tically the  same.  The  parchment  sacks  were  examined  for  fifteen  to 
twenty  days,  while  the  examination  of  the  celloidin  sacks  was  limited 
to  the  number  of  sacks  available,  the  minimum  being  eight  days.  It 
was  found  that  after  two  weeks'  use  the  parchment  sacks  were  dam- 
aged, and,  since  in  no  case  were  the  typhoid  bacilli  discovered  after 
three  days,  the  conclusion  was  reached  that  ten  days  was  sufficient 
for  each  experiment,  and  this  was  made  the  limit  for  future  work, 
(6430-6432.) 
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Experiments  were  also  made  in  which  the  river  water  was  filtered 
through  a  Pasteur  filter  and  then  plated  out  to  make  certain  that 
no  water  bacteria  had  passed  through  the  filter.  Such  raw  filtered 
river  water  was  inoculated  with  typhoid  bacilli  and  here  also  it  was 
found  that  these  organisms  would  not  live  more  than  three  days. 
Therefore  it  appears  that  there  is  something  in  this  river  water  itself 
which  destroys  the  typhoid  bacilli  even  if  they  are  not  subjected  to 
the  action  of  the  saprophytes.  The  witness  stated  that  he  brought 
out  this  point  for  the  reason  that  in  his  former  testimony  he  had 
made  the  statement  that  the  disappearance  of  typhoid  bacilli  in 
river  water  was  probably  due  to  the  overgrowth  of  saprophytic  bac- 
teria, whereas  from  these  later  experiments  he  had  concluded  that 
the  river  water  itself  contains  some  substances,  possibly  the  excre- 
tions of  saprophytes,  which  alone  are  sufficient  to  destroy  the  typhoid 
bacilli  within  a  few  days.  Experiments  were  also  made  by  inoculat- 
ing a  typhoid  bacillus  into  boiled  river  water.  In  these  experiments 
the  bacillus  lived  three  days  longer  than  it  did  in  the  raw  filtered 
water.     (6432.) 

The  witness  described  another  experiment  in  which  he  added  to 
the  water  from  a  parchment  sack  immune  serum  from  a  horse  and 
collected  the  precipitate  in  a  conical  glass  tube  and  added  to  this 
precipitate  peptone  solution,  the  object  being  to  concentrate  the 
bacteria  so  that  any  typhoid  bacilli  which  had  escaped  detection  by 
the  other  method  might  be  discovered.  Although  unsuccessful  in 
this  instance,  owing  no  doubt  to  the  fact  that  all  the  typhoid  bacilli 
had  been  discovered  by  the  previous  treatment,  the  witness  stated 
that  he  considered  this  a  very  valuable  method  in  finding  the  typhoid 
bacilli,  because  larger  quantities  of  water  can  be  used.  The  immune 
serum  agglutinates  the  bacilli  but  will  not  kill  them,  and  they  are 
precipitated  and  can  be  grown  again  on  agar  plates.     (6433.) 

The  witness  said  that  as  a  result  of  the  experiments  conducted  by 
Professors  Jordan  and  Russell  and  himself,  it  was  his  opinion  that 
typhoid  bacilli  can  not  live  in  the  drainage  canal,  Chicago  River,  or 
Illinois  River  for  more  than  three  days,  and  therefore  those  dis- 
charged from  the  Chicago  sewers  can  not  live  to  reach  the  intake  of 
the  St.  Louis  waterworks  at  Chain  df  Rocks  and  thereby  constitute 
a  menace  to  the  citizens  of  St.  Louis.     (6437.) 

During  all  his  examinations  the  witness  had  found  Illinois  River 
to  be  less  polluted,  bacteriologically,  than  either  the  Mississippi  or 
the  Missouri.  Consequently  the  efi^ect  of  the  addition  of  the  Illinois 
River  water  at  Grafton  would  undoubtedly  be  a  tendency  to  improve 
the  condition  of  Mississippi  River  and  of  the  mixture  of  waters  enter- 
ing the  intake  tower  of  the  St.  Louis  waterworks.  In  conclusion,  the 
witness  stated  that  it  was  his  opinion  that  the  contamination  dis- 
charged into  the  drainage  canal  by  the  city  of  Chicago  would  be 
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bacterially  purified  before  reaching  Averyville  and  therefore  he  could 
not  consider  it  a  menace  to  the  health  of  the  citizens  of  St.  Louis. 
(6441-6442.) 
No  new  facts  were  brought  out  on  cross-examination. 


ROBERT  SPURR  WESTON. 


DIRECT    EXAMINATION. 

Robert  Spun*  Weston,  a  witness  called  in  behalf  of  the  defendants, 
stated  that  he  graduated  at  Amherst  College  in  1891  and  for  three 
years  thereafter  was  employed  as  a  chemist  in  commercial  work,  after 
which  he  became  a  student  at  the  Massachusetts  Institute  of  Tech- 
nol<^y  and  in  the  University  of  Berlin;  besides  this  he  had  been 
engaged  as  a  volunteer  worker  in  the  laboratories  of  the  Massachu- 
setts and  the  German  Imperial  boards  of  health.  In  1895  he  was 
connected  with  experiments  on  water  purification  at  Louisville  and 
subsequently  with  similar  experiments  at  West  Superior,  Wis.,  and 
Washington,  D.  C.  In  1900  he  was  in  charge  of  the  water-purifica- 
tion station  at  New  Orleans  and  conducted  an  investigation  lasting 
eight  months  to  determine  the  feasibility  of  purifying  the  Mississippi 
River  water.     (6869-6870.) 

The  witness  stated  that  he  was  well  acquainted  with  the  drainage 
area  of  Mississippi  River  above  New  Orleans,  and  presented  a  table 
showing  the  distances  above  that  city  of  cities  lying  tributary  to  Mis- 
sissippi River,  as  follows: 

Distances  above  New  OrUans  of  cities  tributary  to  Mississippi  River. 


Miles. 

Cincinnati,  Ohio 1, 415 

Pittsburg,  Pa 1,  875 

St.  Louis,  Mo 1, 159 

Mouth  of  Missouri  River 1. 165 

St.  Paul,  Minn 1,823 


Miie8. 

Baton  Rouge,  La 132 

Natchez,  Miss 265 

Vicksburg,  Miss 366 

Memphis,  Tenn 735 

Cajro,lll 965 

Uuisville,  Ky 1,305  . 

The  United  States  census  for  1900  shows  that  the  population  in 
cities  and  towns  containing  more  than  4,000  inhabitants  in  Mississippi 
lalley  is  about  9,000,000.  The  witness  then  presented  some  data 
«>nceming  the  amount  of  sewage  discharged  into  the  different  rivers 
rhich  make  up  the  drainage  area.  He  assumed  that  cities  which 
^ve  a  population  of  25,000  and  over  will  discharge  175  gallons  of 
le^-age  per  capita  per  day,  and  that  the  remainder  of  the  urban 
population — that  is,  in  cities  of  4,000  to  25,000  inhabitants — will 
t«'<xluce  100  gallons  of  sewage  per  capita  per  day.  This  assumption 
ras  based  on  the  general  water  supply.  According  to  a  table  pre- 
pared by  John  R.  Freeman,  in  a  report  concerning  the  water  supply 
rf  the  city  of  New  York,  the  large  cities  of  the  coimtry  consume  about 
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100  gallons  of  water  per  capita  per  day,  and  75  gallons  per  day  is 
added  for  sewage  from  the  streets  for  ground  water  flowing  into  the 
sewers  and  for  contaminated  water  from  other  sources.  In  smaller 
cities  the  daily  consumption  is  approximately  60  gallons  per  capita, 
and  as  a  large  percentage  of  these  cities  are  not  sewered  a  corre- 
spondingly smaller  estimate  must  be  made  for  the  difference  between 
the  amoimt  of  water  consumed  and  the  amount  of  sewage  produced. 
Taking  all  the  above  into  consideration,  the  witness  estimated  that 
the  amount  of  sewage  from  large  cities — that  is,  those  above  25,000 
population — is  1,174,250,000  gallons  per  day,  and  from  the  remainder 
of  the  urban  population  342,000,000  gallons  per  day,  making  a  total 
of  1,516,250,000  gallons.  This  amounts  to  a  flow  of  2,310  cubic  feet 
per  second  at  New  Orleans.  The  volume  of  the  river  at  New  Orleans 
being  taken  into  account  the  maximum  dilution  is  1  part  of  sewage 
to  586  parts  of  water;  the  minimum,  1  of  sewage  to  83  of  water,  and 
the  average,  1  of  sewage  to  296  of  water.  Expressed  as  cubic  feet  per 
second  of  sewage  per  thousand  of  population  the  maximum  is  150, 
the  minimum  21,  and  the  mean  75;  and  as  gallons  of  water  per  day 
per  capita  of  the  urban  population  the  maximum  is  16,160,  the  mini- 
mum 2,262,  and  the  mean  8,190.     (6870-6873.) 

The  witness  then  presented  Table  83,  showing  the  composition  ol 
Mississippi  River  water  at  New  Orleans  from  December,  1900,  to 
August,  1901,  based  on  the  chemical  and  bacteriological  data. 
(6877.) 

With  reference  to  the  figures  in  Table  83  the  witness  stated  thai 
the  analyses,  apart  from  the  nitrogen  as  nitrates  and  nitrites,  shoiw 
that  the  water  is  characteristic  of  the  nonpoUuted  water  for  the  region 
An  abundance  of  oxygen  is  always  present,  showing  that  the  organic 
matter  has  been  decomposed,  while  the  number  of  bacteria  is  verj 
low,  and  they  are  chiefly  associated  with  the  suspended  matter 
Tests  were  made  for  BddUus  coli  communis  during  the  flood  season 
that  is,  from  December,  1900,  to  April,  1901.  ^The  volumes  used  foi 
these  tests  varied  from  1  to  300  c.  c,  and  the  bacilli  were  found  onlj 
on  three  occasions  during  the  five  months,  all  during  the  first  weel 
in  December.  The  presence  of  the  organisms  at  this  time  only  h 
explained  by  the  fact  that  on  the  bank  of  the  river  immediately  abov< 
the  intake  of  the  water-purification  station  where  the  samples  wen 
taken  a  number  of  house-boat  men  and  squatters  were  quartered 
The  feces  deposited  by  them  on  the  bank  during  the  low-water  seaso! 
were  probably  washed  into  the  river  at  the  time  of  high  water,  ant 
this  would  account  for  the  presence  of  B,  coli  in  the  samples.  In  all 
100  tests  were  made  during  the  five  months,  and  the  general  absent 
of  B.  coli  communis  leads  to  the  conclusion  that  no  unpurified  sewagt 
was  present  in  Mississippi  River  at  New  Orleans.     (6878-6879.) 
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In  connection  with  the  above  conclusions  the  witness  stated  the 
fact  that  if  the  velocity  of  ^lississippi  River  is  assumed  to  be  4  miles 
per  hour,  which  is  neither  the  maximum  nor  the  minimum,  the  sewage 
irom  Baton  Rouge  would  reach  New  Orleans  in  thirty-three  hours, 
showing  the  rapidity  of  disappearance  of  contaminating  matter  in  the 
river.  He  then  gave  the  flow  of  Mississippi  River  at  Xew  Orleans, 
taken  from  the  report  of  the  Mississippi  River  Commission,  as  follows: 
Maximum,  1,353,000  cubic  feet  per  second;  minimum,  191,000  cubic 
feet  per  second;  mean,  685.000  cubic  feet  per  second.     (6879.) 

The  witness  then  presented  a  chart  based  on  the  computation 
already  introduced,  showing  the  relative  pollution  of  Mississippi  River 
at  various  points,  with  data  for  determining  it.  The  evidence  con- 
tained in  this  chart  is  given  in  Table  84.     (6883.) 

Table  84. — ReUsiive  pollution  of  Mississippi  Rtver  water  at  various  points. 


Point. 


I  Mean  flow 
I  In  second- 
,       feet. 


I  Dilution  in 
Population  |  second^eet 
above  point.  |    per  l.OOO 
I  population. 


NewOrieans 675,000  9,000,000 

Mouth  of  Red  River 655,000  8,984,626 

Mouth  of  Yazoo  River 579,000  I  8,913,944 

Mouth  of  Arkansas  River 516,000  |  8,901,358 

Mouth  of  Ohio  River i  383,000  i  8,706,902 


73 
65 
58 
44 


The  witness  stated  that  in  the  above  table  no  allowance  had  be^i 
made  for  the  self-purification  of  the  stream  at  different  points.  He 
then  presented  a  chart  showing  accessions  of  sewage  to  Mississippi 
River  from  Cairo  to  New  Orleans.  The  data  of  the  chart  is  contained 
in  Table  85.     (6887.) 

Table  85.   -Sewage  contributed  to  Mississippi  River,  Cairo  to  New  Orleans. 


District. 


Below  Ro<l  Rlvor 

IMow  Yar.oo  Ulver. . . 
Bolow  .\rkan9a8  River 

Bolow  Ohio  Hlvor 

Above  Ohio  River 


Mean  flow 
In  second- 
feet. 


675,000 
655,000 
579,000 
516,000 
383,000 


Urban 
population     per  1.000 
of  district.  I     urban 


Dilution  In  i  rkii..»i««  ;« 
perl,000 


J 


population. 


1    sewered. 


15,374 
70,682 
12,586 
194, 476 


59,900 

11,700 

4,610 

2,710 

44 

43.900 
»,2»0 
4,610 
2,650 

In  discussing  the  information  contained  in  Table  85  the  witness 
statcnl  that  the  fresh  additions  of  sewage  poured  into  the  stream  below 
the  mouth  of  Ohio  River  are  very  small  in  amount.  In  this  table,  as 
in  the  preceiling  one,  no  allowance  had  been  made  for  self-piuification. 

Tlio  witness  tlien  intn>duced  into  evidence  a  chart  showing  the 
relative  dilution  of  flow  in  cubic  feet  per  second  of  Mississippi  River 
compartxl  with  Connecticut  and  Merrimac  rivers.  The  chart  is 
ii\sorUHl  in  the  record  op|H>site  page  6j<S9.  It  illustrates  diagrammat' 
icAUy  the  relative  dilutions  of  Mississippi  River  at  Cairo,  mouth  of 
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Arkansas  River,  mouth  of  Yazoo  River,  mouth  of  Red  River,  New 
Orleans;  of  Menimac  River  above  Lowell,  below  Lowell,  below  Law- 
rence, and  below  Haverhill;  and  of  Connecticut  River  above  Holyoke, 
below  Holyoke,  and  below  Springfield.  The  purpose  of  the  diagram 
was  to  contrast  the  two  Massachusetts  streams  with  the  Mississippi. 
No  allowance  had  been  made  for  self-purification.  The  Massachusetts 
streams  receive  so  much  sewage  in  the  form  of  fresh  acquisitions  below 
the  points  of  observation  that  as  the  sewage  proceeds  down  the  rivers 
between  the  limits  named  it  is  in  constantly  greater  proportion, 
while,  on  the  other  hand,  as  sewage  is  carried  down  Mississippi  River 
below  Cairo  it  is  always  in  increasing  dilution,  the  fresh  acquisitions 
never  being  sufiicient  to  maintain  the  concentration  which  exists  at 
Cairo.  The  reasons  for  this  state  of  affairs  are  that  the  Mississippi 
below  Cairo  is  leveed  and  the  population  is  relatively  small.  In  the 
opinion  of  the  witness  there  is  not  the  slightest  evidence  that  any 
unpurified  sewage  exists  in  the  water  at  New  Orleans  other  than  the 
small  amount  that  might  occasionally  have  been  washed  in  from  the 
banks  of  the  stream  outside  of  the  levees.     (6889-6890.) 

CROSS-EXAMINATION. 

On  cross-examination  the  term  "unpurified  sewage"  was  defined 
by  the  witness  as  that  sewage  which  has  not  undergone  the  cycle  of 
changes  which  take  place  when  sewage  is  mixed  with  an  adequate 
quantity  of  water  in  a  running  stream — in  other  words,  sewage  which 
has  not  lost  its  previous  bacteriological  character.  The  main  effect 
of  dilution  is  to  furnish  an  adequate  amoimt  of  oxygen  for  the  oxida- 
tion of  the  organic  matter  contained  in  the  sewage.  This  can  also  be 
obtained  by  aerating  sewage  by  passing  it  over  dams,  though  not  in  the 
lame  degree.  The  witness  was  of  the  opinion  that  the  element  of 
dilution  does  not  have  more  to  do  with  the  small  quantities  of  bacteria 
contained  in  the  waters  of  Mississippi  River  at  New  Orleans  than 
Dther  bacterial  or  chemical  elements  known  in  sanitary  science, 
because  in  any  other  river  with  which  he  was  acquainted  in  which  the 
iilution  of  the  sewage  approximated  the  dilution  at  New  Orleans  he 
Wl  been  able,  by  increasing  the  volume  of  the  samples  taken,  to 
lemonstrate  the  presence  of  BacUlus  coli  communis,  but  at  New 

leans  he  had  been  unable  to  do  so.     (6890-6892.) 


r 


WILLIAM  PITT  MASON. 
DIRECT   EXAMINATION. 


William  Pitt  Mason,  professor  of  chemistry  in  Rensselaer  Poly- 
tehnic  Institute,  New  York,  was  called  as  a  witness  on  behalf  of  the 
rfendants  and  stated  that  he  had  been  connected  with  the  caid 
iBtitute  for  over  twenty  years  and  had  given  particular  attention 
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during  most  of  the  time  to  the  examination  of  water  for  city  suppli^. 
This  work  involved  especial  study  of  sanitary  problems  as  related  to 
water  supply,  and  he  had  written  and  published  books  on  the  subject. 
He  further  testified  that  he  had  acted  in  a  consulting  capacity  and 
testified  in  l^al  cases  r^arding  the  water  supply  of  many  cities  and 
towns  in  the  United  States.  He  had  also  examined  the  water  sup- 
pUes  of  many  foreign  cities.  He  was  acquainted  with  the  literature 
bearing  on  the  subject  of  typhoid-fever  epidemics  and  had  made 
examinations  involving  study  of  such  epidemics  in  Bath  and  Water- 
ville,  Me.;  Cohoes,  Albany,  and  Buffalo,  N.  Y.;  and  other  places. 
He  had  also  made  some  study  of  Asiatic  cholera  in  Sicily  and  Italy. 
(690a-6906.) 

The  witness  then  stated  that  he  had  examined  and  studied  the  bac- 
teria^  and  chemical  analyses  of  the  waters  of  Lake  Michigan,  the 
drainage  canal,  and  Ilhnois,  Mississippi,  and  Missouri  rivers  as  made 
by  Professors  Jordan,  Palmer,  Gehnnann,  and  Burrill;  had  taken 
a  journey  by  boat  from  the  water  front  to  Lockport  down  the  drain- 
age canal  by  daylight,  and  had  followed  the  course  of  the  river  by 
trolley  and  train  as  far  as  La  Salle,  where  he  took  a  steamer  and  went 
by  daylight  to  St.  Louis,  tying  up  at  night  so  that  no  places  were 
passed  in  the  dark.     (6907.) 

The  hypothetical  question  concerning  Doctor  Ravold's  experiment 
with  107  barrels  of  culture  of  BdcUhis  prodigiomsy  already  cited,  was 
given  to  the  witness  and  in  reply  he  stated  that  in  view  of  the  lai^ 
number  of  bacilli  introduced  into  the  canal,  the  small  number  found 
showed  a  very  considerable  death  rate  of  the  germ  and,  by  inference, 
at  least  as  large  a  death  rate  of  the  bacillus  of  typhoid  fever  under 
the  same  circumstances.     (6908-6910.) 

With  reference  to  the  longevity  of  the  typhoid  bacillus  witness 
stated  that  it  may  remain  alive  in  the  human  body  for  many  months, 
and  in  soil  at  least  some  weeks  and  possibly  months.  In  water  it 
dies  out  quickly  en  masse,  although  some  individual  cells,  being  more 
resistant,  may  remain  alive  for  a  longer  period.  The  character  of 
the  water  affects  the  longevity.  Li  a  relatively  pure  water  the  lon- 
gevity of  the  t3rphoid  bacillus  is  greater  than  in  one  where  it  has  to 
fight  for  existence  with  saprophytic  bacteria.  It  does  not  increase  in 
nature  outside  the  human  body,  although  it  may  live  saprophytically 
for  a  period  of  time  varying  according  to  its  surroundings.  The 
witness  stated  that  the  vessels  in  which  laboratory  experiments  are 
performed,  being  usually  small  and  of  glass,  for  some  reason  seem 
to  give  conditions  favorable  to  the  life  of  the  germ.  Where  the  con- 
ditions resemble  more  closely  those  of  nature,  as,  for  mstance,  where  a 
large  tank  is  employed,  the  length  of  life  of  the  colon  and  typhoid 
bacilli  does  not  seem  to  be  so  great.  He  quoted  in  support  of  this 
statement  some  experiments  made  on  BdcUhis  coli  by  the  Massa- 
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chuaetts  State  board  of  health.  The  vessel  containing  the  germs  was 
a  very  large  one,  about  12  feet  deep,  and  was  suspended  in  Merrimac 
River  water.  Under  those  circumstances  it  was  found  that  the  lon- 
gevity of  the  colon  bacillus  was  limited  to  eleven  days.  It  was  his 
belief  that  the  typhoid  bacillus  would  live  in  the  water  of  the  drain- 
age canal  and  Desplaines  and  Elinois  rivers  for  a  shorter  period  of  time 
than  in  sterihzed  water  or  water  of  greater  purity  from  a  bacteriological 
standpoint,  and  that  its  life  would  be  limited  to  a  few  days.    (69 1 0-69 12.) 

If  a  river  is  intercepted  by  dams  they  will  increase  the  opportu- 
nity for  sedimentation,  although  not  to  an  important  extent.  He  did 
not  believe  that  the  amount  of  improvement  obtained  through  the 
influence  of  the  dams  in  Illinois  River  was  very  great,  although  it 
undoubtedly  amounted  to  something.  The  great  factor  of  sedimen- 
tation in  Illinois  River  is  the  slope  of  the  stream,  especially  in  high 
stages,  when  the  water  overflows  its  banks  and  settles  back  to  the 
right  and  left  so  that  great  areas  of  quiescent  water  are  present  and 
sedimentation  is  very  marked.     (6913.) 

The  sedimentation  of  bacteria  was  then  discussed  by  the  witness, 
who  stated  that  in  a  clear  water  they  will  settle  because  they  have  a 
greater  specific  gravity  than  the  water,  though  not  much  greater. 
This  settlement  is  easily  interfered  with  by  currents  and  eddies.  If 
the  stream  in  question  is  turbid,  however,  the  falling  particles  causing 
turbidity  will  imquestionably,  by  attaching  themselves  to  bacteria 
which  may  be  present,  drag  them  down.  The  clear  water  from  Lake 
Michigan  discharged  into  Illinois  River  will  not  afl'ect  sedimentation 
there,  because  there  is  suflScient  turbidity  present  in  the  IlUnois  River 
system  to  offset  it.     (6914-6915.) 

With  reference  to  the  sanitary  significance  of  dilution  the  witness 
stated  that  simple  dilution  is  really  purification,  in  that  it  diminishes 
the  chance  that  the  person  who  drinks  the  water,  which  is  supposed  to 
be  polluted,  will  thereby  contract  disease.  On  the  assumption  that  a 
glassful  of  water  contains  100  typhoid  germs,  the  person  drinking  it 
would  run  a  risk  that  may  be  described  by  the  number  100.  Should 
50  per  cent  of  the  germs  in  the  water  be  killed  the  person  drinking 
that  water  would  drink  50  germs  and  his  risk  would  be  half  what  it 
was  before,  namely,  50.  Should  conditions  prevail  whereby  no  bac- 
teria were  destroyed  but  the  volume  of  the  stream  was  dou"bled  by  the 
inflow  of  pure  water,  then  a  person  drinking  a  glassful  of  the  mixture 
would  have  in  his  glass  50  germs  and  his  risk  would  be  50;  therefore 
such  dilution  would  be  productive  of  just  as  much  purification  as  the 
killing  of  half  the  disease  germs.  The  addition  of  Lake  Michigan 
water  to  the  sewage  of  Chicago  is  a  benefit  to  the  sanitary  condition  of 
Illinois  River,  considered  both  from  the  standpoint  of  dilution  and 
from  that  of  the  chemical  and  bacteriological  changes  taking  place 
therein.     (6915-6916.) 
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The  witness  then  expressed  the  opinion  that  the  water  of  IlUnois 
River  does  not  have  any  appreciable  effect,  good  or  bad,  on  that  of 
the  Mississippi,  although  it  is  possible  that  it  may  sUghtly  improve  the 
Mississippi  water,  because  if  there  is  any  difference  between  the  Illi- 
nois at  Grafton,  the  Mississippi  at  the  same  point,  and  the  Missouri 
above  its  mouth,  that  difference  is  in  favor  of  Illinois  River.     (6917.) 

The  witness  further  expressed  the  opinion  that  in  his  belief  typhoid 
bacilli  passing  down  Illinois  River  would  die  before  they  reached  Graf- 
ton. He  confined  this,  however,  to  the  great  mass  of  them.  It  was 
possible,  in  his  opinion,  that  some  specially  resistant  germs  might 
make  the  journey,  but  most  of  the  bacilli  would  perish  before  the 
Mississippi  was  reached.  The  typhoid  bacillus  will  not  live  as  long  in 
polluted  as  in  pure  water,  because  in  polluted  water  it  has  to  live  in 
the  presence  of  many  saprophytic  germs,  which  not  only  monopolize 
the  food  supply  but  produce  toxic  products  that  are  poisonous  to  it. 
There  would  be  no  material  difference  between  the  lengths  of  time 
that  a  typhoid  bacillus  would  live  in  the  sediment  of  a  polluted  stream 
and  in  the  water  of  the  same  stream.  The  time  that  the  bacillus  would 
live  in  moist  soil  furnishes  no  criterion  for  its  longevity  in  running 
streams;  the  two  cases  are  not  parallel.     (6917-6919.) 

If  the  capacity  of  a  reservoir  is  equivalent  to  thirty  days'  supply  of 
the  city  which  it  serves,  it  is  not,  according  to  the  witness,  to  be 
assumed  that  the  water  remains  stored  in  the  reservoir  for  thirty  days. 
Much  depends  on  its  construction.  Many  reservoirs  are  of  the  stand- 
pipe  type,  receiving  their  water  and  discharging  it  through  the  same 
orifice.  Under  such  conditions  the  pumps  deliver  direct  to  the  mains, 
and  the  surplus  is  carried  to  the  reservoir.     (6921.) 

With  reference  to  the  occurrence  of  typhoid  fever  in  St.  Louis,  the 
witness  stated  that  he  had  noted  that  for  the  years  1899  to  1903,  inclu- 
sive, the  deaths  from  this  disease  had  been  reported  as  uniformly 
increasing,  whereas  in  Chicago  they  were  rather  variable,  indicating 
that  there  is  no  relation  between  the  two  places,  so  far  as  Chicago  sew- 
age being  a  factor  in  the  occurrence  of  typhoid  at  St.  Ix)uis  is  con- 
cerned. He  had  noted,  also,  that  the  reported  deaths  from  typhoid 
for  1900  on  the  three  great  drainage  areas,  exclusive  of  Chicago,  were 
503,  which  is  more  than  in  the  preceding  year.  -This  is  in  accord  with 
the  reported  deaths  in  St.  Louis  for  1900,  which  also  showed  an  increase 
over  those  in  1899.  It  is  not,  however,  in  accord  with  the  number 
of  deaths  reported  in  Chicago,  which  was  smaller  than  in  the  pre- 
ceding year.     (6922-6923.) 

The  witness  stated  that  he  employed  the  method  of  giving  the 
typhoid  death  rate  according  to  the  population — the  number  of  deaths 
per  100,000.  This  is  more  correct  than  to  give  the  percentage  of 
typhoid  deaths  to  total  deaths,  which  does  not  enable  the  sanitarian 
to  pass  judgment  on  the  conditions  in  a  given  city  as  to  whether  there 
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is  an  increase  or  decrease  in  typhoid  fever.  Should  a  certain  locaUty 
have  an  increase  in  typhoid  and  a  greater  increase  in  tuberculosis,  the 
report  from  that  place  would  show  an  improvement  in  typhoid  condi- 
tions, whereas  the  case  would  be  quite  the  reverse.     (6923-6924.) 

He  then  presented  a  series  of  charts  showing  the  deaths  from 
typhoid  fever  in  St.  Louis  and  Chicago  during  each  month  of  1900  to 
1903,  inclusive.  Inasmuch  as  by  reason  of  the  remoteness  of  one  city 
from  the  other,  an  outbreak  of  typhoid  fever  in  Chicago  would  not  be 
reflected  in  St.  Louis  until  the  following  month,  the  St.  Louis  tables 
were  compiled  one  month  in  advance;  that  is,  the  February  deaths  in 
St.  Louis  were  plotted  against  the  January  deaths  in  Chicago,  and  so 
on.  The  witness  pointed  out,  in  reviewing  the  evidence  contained  in 
these  charts,  that  there  is  no  parallelism  in  the  curves  representing  the 
death  rates  in  the  two  cities.  In  many  instances  the  rise  of  the  curve 
for  Chicago  is  coincident  with  the  falling  of  the  curve  for  St.  Louis, 
demonstrating  absolutely  that  the  one  is  independent  of  the  other. 
(6925-6932.) 

The  witness  presented  a  chart  prepared  from  Professor  Jordan's 
data,  showing  in  graphic  form  the  number  of  times  that  BddUus  coli 
communis  was  found  in  Illinois  River  at  Pekin,  Averyville,  and  Graf- 
ton; in  Missouri  River  at  Fort  Belief ontaine,  and  in  Mississippi  River 
at  Grafton,  and  at  the  intake  tower,  Missouri  shore,  midstream,  and 
Illinois  shore,  Chain  of  Rocks,  when  operating  on  volumes  of  water 
varying  from  0.001  to  1  c.  c,  and  pointed  out  that  according  to  the 
occurrence  of  this  organism  the  following  was  the  proper  order  of 
purity:  Illinois  River  at  Grafton,  Mississippi  River  at  Grafton,  Illinois 
River  at  Averyville,  Missouri  River  at  Fort  Belief  ontaine,  Mississippi 
River  at  the  intake.  Chain  of  Rocks,  and  Illinois  River  at  Pekin. 
With  reference  to  the  sanitary  significance  of  the  colon  bacillus  deter- 
mination, the  witness  stated  that  inasmuch  as  this  bacillus  is  a  con- 
stant inhabitant  of  the  human  intestine  it  is  a  valuable  indicator  of 
the  presence  in  the  water  of  intestinal  discharges,  although  it  bears  no 
evidence  as  to  whether  those  discharges  came  from  a  healthy  or  a 
diseased  person.  When  this  germ  is  found  persistently  in  small  quan- 
tities of  water,  such  water  is  looked  on  with  more  suspicion,  the  pre- 
sumption being  that  where  B.  coli  communis  is  so  constantly  present 
disease  germs  may  be  associated  with  it.  While  it  is  true  that  this 
bacillus  is  widely  distributed  and  can  generally  be  found  if  enough 
water  is  examined,  it  is  considered  important  to  have  some  notion  as 
to  the  volume  of  water  examined  in  order  to  obtain  an  idea  of  the 
number  of  these  germs  present  in  the  water.     (6934-6935.) 

As  bearing  on  the  importance  of  noting  the  interval  of  time  elapsing 
between  the  infection  of  a  water  supply  and  the  drinking  of  the 
infected  water  the  witness  presented  the  results  of  his  review  of  205 
British  epidemics.     He  had  divided  them  into  three  portions — those 
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produced  by  well  water,  those  produced  by  stream  and  n 
wate r ,  a n d  th ose  p rot! u ced  by  milk.  The n*  w e re  a  f e  w  ou i  ui  th 
ber  that  could  not  be  so  elassified  ^  and  ihey  were  left  out  of  aoi 
tion.  In  33  epidemics  due  to  stream  and  reservoir  water  sh 
rate  was  0,85  per  cent  of  the  easels;  in  75  epidemie^s  due  to  m 
the  rate  was  1 1 .83  per  cent ;  and  in  the  20  epidemics  due  to  j 
percentage  of  deaths  was  12.79,  showing  that  a  w^ell- water  ep 
distinctly  more  serious  in  character  than  one  causeil  by  strea 
that  had  carried  the  typhoid  germ  for  some  dist  ancp  from  the 
infection  to  the  point  where  the  water  was  used  for  drinking. 
ther  cited  an  examination  which  he  had  made  of  357  cases  of 
fever  at  WaterviDe,  ile,,  where  he  was  able  to  loih>w  the  couns 
case  and  to  obtain  the  j)hysieian's  statement  as  to  whether  it  wj 
or  not.  Some  of  the.^  patients  used  the  city  water  supply  fro 
tamiaatcci  stream,  others  used  water  from  contaminated  if 
some  used  both  sources.  Amonit?  those?  who  used  city  wa 
41.41  per  cent  were  severe  cases^  but  among  those  usiu^  «i 
61.29  per  cent  were  severe  cases,  thus  showing  tiiat  the  fever) 
by  city  water  was  a  mild  type.  The  witness'  explanation 
was  that  in  a  river  the  tj^phind  germ  had  to  struggle  for  \ 
under  adverse  conditions  and  was  not  capable  of  producing 
poisfinnijs  material  wlien  it  found  its  seat  of  infection  in  the 
(6936-6937.) 

Taking  into  consideration  the  4,846  wells  in  use  in  St.  I 
gether  witli  tlie  fact  that  in  1S05  tlie  city  chemist  liad  conde 
he  had  examined,  namely,  59,  the  witness  stated  that  lie  beli 
water  of  those  wells  was  responsible  for  a  portion  of  the  {\ 
St.  Louis,  l)ecause  he  considered  there  was  greater  danger 
from  a  polluted  well  than  from  a  polluted  stream.  If,  how 
typhoid  c(mditions  in  St.  Louis  during  the  last  ton  years  ar 
attributable  to  the  city  water,  it  was  his  opinion  that  wher 
typhoid  fever  at  places  on  the  drainage  area  of  Missouri  R 
Mississippi  River  al)ov(^  Grafton,  nearer  in  point  of  time  than 
such  places  would  be  dangerous  and  undoubtedly  the  can 
disease.      (6937-6939.) 

The  witness  was  of  the  opinion  that  the  typhoid  bacillus  lyi 
sediment  of  a  polluted  stream  for  a  period  of  thirty  to  si: 
would  not  be  able  to  retain  its  dangerous  qualities  and 
typhoid  fever  when  dischargcMJ  from  the  bottom  of  the  river, 
not  know  of  any  instance  recorded  in  the  literature  of  bae 
where  one  had  lived  for  a  period  of  one  to  three  years.      (69:>9- 

Ile  then  stated  that  the  water  of  Missi.ssippi  River  at  Chain 
was  not,  either  Ix^fore  or  after  the  opening  of  the  drainage  can 
domestic  purposes  in  its  raw  state,  and  expressed  the  same 
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with  reference  to  Illinois  River  at  Grafton,  although  he  thought  the 
water  had  been  improved  since  the  opening  of  the  canal.     (6943-6944 . ) 

The  witness  then  gave  opinions  in  disagreement  with  those  of  Pro- 
fessor Sedgwick,  which  were  noted  in  connection  with  the  testimony 
of  Professor  Jordan  (p.  257).  He  made  the  observation  that  epi- 
demics of  typhoid  fever  due  to  infected  water  do  not  usually  take 
plAce  after  great  floods  such  as  would  result  in  the  washing  out  of 
typhoid  germs  from  the  sediment  of  the  stream,  as  claimed  by  Pro- 
fessor Sedgwick,  and  he  cited  the  Hudson  Valley  as  an  instance  where 
there  are  high  floods  in  the  spring  resulting  from  melting  snows,  but 
the  epidemics  do  not  occur  at  that  time  of  the  year.  In  such  cases  as 
that  of  Tees  River  the  conditions  were  quite  difl'erent,  inasmuch  as 
there  were  great  deposits  of  fecal  matter  in  privies  and  in  heaps  along 
the  shore  which  were  washed  off  during  high  water  and  caused  typhoid 
fever.  But  with  the  conditions  prevailing  in  the  Illinois  River  basin 
such  a  thing  would  not  be  possible.     (6947.) 

The  witness  then  stated  that  he  had  information  pertaining  to  the 
Detroit  epidemic,  given  to  him  at  the  time  by  Prof.  Gardiner  S.  Wil- 
Uams,  but  that  he  had  always  had  doubt  concerning  the  connection 
between  the  disease  in  Detroit  and  the  dredgifig  of  Black  River. 
With  reference  to  the  germs  of  Asiatic  cholera  and  the  liability  of 
infection  reaching  St.  Louis,  should  that  disease  become  prevalent  in 
Chicago,  the  witness  stated  that  the  germs  would  have  greater  diffi- 
culty in  finding  their  way  than  the  typhoid  germs,  because  the  latter 
were  more  hardy.     (6951.) 

In  his  opinion,  the  discharge  of  Chicago  sewage  by  way  of  the  drain- 
age canal  and  the  Illinois  River  system  would  not  cause  any  additional 
expense  in  the  purification  of  Mississippi  water  by  filtration,  should 
such  a  system  be  set  up  at  Chain  of  Rocks.     (6956-6957.) 

CROSS-EXAMINATION. 

The  cross-examiner  endeavored  to  show  by  a  series  of  hypo- 
thetical questions  a  parallelism  between  the  persistence  of  Bacillus 
prodigiosus  emptied  into  the  drainage  canal  and  isolated  from  water 
collected  at  the  Chain  of  Rocks  intake  and  a  similar  presumable 
typhoid  infection,  and  drew  from  the  witness  the  opinion  that  if 
hourly  examinations  of  the  water  at  Chain  of  Rocks  covering  a  period 
of  one  month  should  disclose  the  presence  of  t3rphoid  bacilli  on  three 
occasions  such  water  would  unquestionably  be  infected  with  the  dis- 
eiwe.  Pursuing  this  line  the  cross-examiner  sought  to  discover  why, 
if  such  were  the  case,  the  persistence  of  B,  prodigiosus  under  Uke  con- 
ditions, as  related  in  the  testimony  of  Doctor  Ravold,  would  not  show 
a  parallelism,  and  therefore  indicate  that  the  water  at  St.  Louis  was 
polluted  by  the  Chicago  sewage.     The  witness  rephed  that  in  his 
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opinion  a  water  sampled  at  Chain  of  Rocks  720  times  during  the  month 
with  the  identification  of  typhoid  bacilU  only  twice  would  certainly 
be  shown  to  contain  typhoid  infection,  but  not  to  such  an  extent  as  to 
be  prejudicial  to  the  city  supply  provided  it  was  filtered  before  being 
used.     (6957-6958.) 

Summing  up  his  opinion  on  the  longevity  of  typhoid  bacilli  and 
taking  into  consideration  the  various  detrimental  factors  naturally 
occurring  in  streams,  the  witness  stated  that  the  germs  of  typhoid 
fever  from  Chicago  sewers  would  be  destroyed  en  masse  by  the  time 
the  mouth  of  Illinois  River  was  reached,  although  some  resistant 
organisms  might  get  beyond  that  point.  They  would,  however,  be 
small  in  number  and  low  in  vitality.  The  longevity  of  a  typhoid 
bacillus  depends,  in  the  first  place,  on  its  parentage  and  next  on  the 
conditions  imder  which  it  is  grown.  For  example,  a  person  may 
come  from  a  healthy  parentage  and  live  in  a  healthful  manner,  but 
because  of  adverse  conditions  his  vitality  may  be  greatly  lowered. 
In  the  same  way  the  typhoid  germ  might  struggle  for  existence  over 
long  periods  of  time,  but  would  lose  its  vigor  and  be  incapable  of  pro- 
ducing its  normal  amount  of  infection.  It  is,  however,  impossible  to 
determine  the  longevity  of  specially  resistant  cells.  It  is  probable 
that  such  cells  are  at  the  time  of  their  departure  from  the  human 
body  more  capable  of  producing  disease  than  the  greater  numbers  of 
less  resistant  organisms  with  which  they  start  on  their  journey. 
Whether,  after  the  interval  that  may  be  chosen  for  the  period  of  inve^ 
tigation,  they  arrive  in  a  condition  to  produce  disease,  may  be  open  to 
question,  because  the  mere  fact  that  they  are  resistant  and  have 
arrived  in  a  living  condition  does  not  mean  that  they  will  have  enough 
toxin-producing  powers  left  to  produce  that  serious  poison  that  may 
cause  disease.  All  this  is,  however,  a  matter  of  speculation. 
(6958-6962.) 

If  a  gallon  of  typhoid  dejecta  were  deposited  in  the  waters  of  Lake 
Michigan  at  a  point  free  from  sewage  contamination,  the  typhoid 
bacteria  would  disappear,  because  they  would  be  surrounded  by 
myriads  of  ordinary  saprophytic  bacteria,  which  would  set  up  condi- 
tions prejudicial  to  the  life  of  the  typhoid  germs,  although  it  is  true 
that  the  life  of  the  latter  would  be  increased  somewhat,  but  at  all 
events  they  would  disappear  before  the  ordinary  sewage  saprophytes 
would.  While  it  is  true  that  the  longevity  of  the  ordinary  sapro- 
phyte depends  in  a  large  measure  on  its  environment  and  it  dies  as 
soon  as  its  part  in  the  purification  of  the  water  is  finished  and  its  food 
supply  is  gone,  its  disappearance  takes  place  subsequent  to  that  of  the 
typhoid  germ,  because  the  latter  is  merely  a  foreigner  in  that  locality 
and  has  no  purpose  to  fulfill.     (6963-6964.) 
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In  analyzing  the  relationship  between  the  typhoid  fataUty  in  St. 
Louis  and  Chicago  the  witness  merely  accepted  the  facts  without  ref- 
erence to  the  temperature  of*  the  water,  the  variable  physical  condi- 
tions, or  anything  that  happened  between  the  two  cities.  Were  there 
no  Illinois  River  in  existence,  the  facts  would  stand,  and  nothing  is 
shown  in  the  charts  which  enters  into  the  question  of  longevity  of  the 
specific  germ  in  passing  down  the  stream  between  the  two  points. . 
In  the  opinion  of  the  witness  such  conditions  are  immaterial,  because 
the  typhoid  figures  are  based  on  actual  occurrence.     (6969-6970.) 

Taking  into  consideration  all  the  facts  with  reference  to  the  dis- 
charge of  Chicago  sewage  in  Illinois  River,  the  witness  stated  that  in 
his  opinion  some  of  the  colon  bacilli  in  the  water  at  Averyville  come 
from  the  Chicago  drainage  canal,  but  he  was  unable  to  state  the  pro- 
portion.    (6972.) 

The  total  number  of  deaths  in  St.  Louis  from  1890  to  1903,  inclu- 
sive, was  then  recited  to  the  witness,  together  with  the  recorded  num- 
ber of  deaths  from  typhoid  fever,  and  he  was  asked  if  it  would  in  his 
opinion  make  any  difference  in  the  interpretation  of  such  data 
whether  the  deaths  were  expressed  as  rate  per  100,000  persons  living 
or  as  percentage  of  typhoid  deaths  to  total,  to  which  he  rephed: 
'*  Basing  my  reply  on  the  numerical  data  submitted  in  the  question, 
it  is  my  opinion  that  there  is  no  material  difference  between  the  two 
methods  of  stating  the  result.''     (6973-6974.) 

LEONARD  p.  KINNICUTT. 

Leonard  P.  Kinnicutt,  called  as  a  witness  on  behalf  of  the  defend- 
ants, stated  that  he  was  director  of  the  chemical  department  of  the 
Worcester  Polytechnic  Institute,  Worcester,  Mass.  He  graduated 
from  the  Massachusetts  Institute  of  Technology  in  1875,  with  the 
degree  of  bachelor  of  science.  He  studied  in  the  University  of  Heidel- 
berg for  two  years  thereafter,  under  the  direction  of  Professor  Bunsen, 
and  for  two  years  at  the  University  of  Bonn,  Germany,  in  the  labo- 
ratory of  Professor  Kekide.  He  then  studied  for  four  months  at 
Johns  Hopkins  University  and  later  at  Harvard  University,  where 
he  obtained  the  degree  of  doctor  of  science.  He  was  then  appointed 
instructor  of  chemistry  at  Harvard  University,  and  three  years  after- 
wards was  called  to  the  Worcester  Polytechnic  Institute.  He  was 
consulting  chemist  to  the  Connecticut  sewage  commission.  For 
fifteen  years  he  had  been  a  fellow  in  the  American  Society  for  the 
Advancement  of  Science,  and  was  a  member  in  several  American, 
English,  and  German  professional  societies.  He  had  made  a  special 
study  of  sanitary  problems  since  1882,  including  the  chemical  and 
bacterial  analysis  of  water,  together  with  the  interpretation  of  such 
results.     He  had  been  called  to  pass  on  the  quality  of  water  supplies 
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in  numeraus  cities.  He  hat]  made  a  study  of  the  t\T)hoicl  h&iibj 
n^lated  to  wat^r  supplies  and  of  the  cokm  bftc^illus  in  the  iietermiitift( 
of  the  potability  of  water.  He  had  thoroughlj'  examiiie<i  thf  [Atij 
conditions  of  CIncago  Rirer,  the  drainage  canal,  and  Desplam^ 
Illinois  rivers  and  had  made  extended  investigatioos  on  lhe|»Tt4i( 
of  sewage  disposal,  especially  that  of  purification  by  means  d  -^ 
tanks.  It  was  his  practice  to  go  to  England  every  oth<»j  pjr 
study  the  sewage-disposal  systems  there  and  the  progress  midrli 
time  to  time.     (7336-7339,)  | 

The  witness  described  the  septic  tank  and  the  proe<*ss  of  pdl 
tion  winch  takes  plac^  therein,  and  discussed  the  sc^wiigiHlispi 
problem  in  some  detail.  He  then  gave  the  results  of  his  obiemlil 
on  the  Chicago  drainage  canal,  and  compared  it  to  a  septic  tri 
He  stat^*d  that  as  he  passed  along  the  canal  in  a  tnick  boat,  hi  i 
stTved  the  indications  of  septicity  therein.  He  noted  ihai  gM' 
being  given  off  from  the  liquid  at  the  upper  end  of  the  cwatl 
ical  of  septic-tank  gas,  and  that  after  passing  Tx^rntuU  ihp  i 
changefl  to  that  of  the  effluent  of  a  sedimentation  tunk,  Ue  tiwn 
sen  ted  a  series  of  tables  to  bring  out  these  facts.  The  data  ill 
86  were  taken  from  the  results  of  examinations  by  Prof efist>rs  Jot 
PaUiier,  and  Lung^  and  show  the  comparative  conditions  at  lM% 
and  lower  ends  of  the  canaL     (7340-7348.)  m 

Table  80. — Analyses  showitKj  changes  in  the  characUr  of  seirage  during  i'« 
through  the  (liivagei  drainage  canal,  being  the  mean  of  results  obtained  h\j  P- 
Jordan,  Long,  and  Palmer. 

(Parts  per  million.] 


Ketizic  and 
("(.nslitui'iits.  Westom 

avenues. 


Lock-       pH^t^  IV- 
port.         inovr^j. 


Solids: 

Total 2fJ7.0  2t«».  7  f..3 

Soluble 179. 2  IM.  4  -^.i.  2 

SuspendHl 27. 8  16.3  11. 3 

Oxvk'en  con.«<uined:  i 

Total 7.93  fi.  26  l.tC 

S(.lul>le 4.77  4.  Tvi  .14 

Suspended i  3.  Pt  1.  tw?  l.  .Vi 

Nitrogen:  I 

Free  ammonia I-  20  1.  57  -^  .  37 

Total  albuminoid  ammonia ,  ..^  .  4.'»  .1.^ 

Nitrites '  .050  .  024  . «rj». 

Nitrates (  .23  .097  ,  m 

Albuminoid  ammonia  (mean  of  Jordan's  and  Palmer's 
results.  Long  not  determining  soluble  and  suspended 
albuminoid  anunonia) :  ' 

Total .48  .37  .11 

Soluble .20  .  Uio  .aU. 

Suspendtxi .28     ,  .  'J(X'»  .  i C". 
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Table  87. — Comparative  action  of  the  septic  tank  and  the  Chicago  drainage  canal  on 

removal  of  sewage, 

[Per  cent  removed.] 


Constituents. 


Solids: 

Tot*l 

Soluble 

^upended 

Ozraen  consumed: 

8otabie.V-V.*  *-!!." !!.!!! 

Sospended .' 

Nitrogen: 

Free  ammonia 

Albuminoid  ammonia. . 
Aibaminoid  ammonia: 

Total 

Soluble 

Suspended 


Bir- 
ming- 


26.0 
8.0 
60.0 

33.6 
25.4 
57.1 

+24 
41.6 


Exeter. 


Leeds. 


Han- 
Chester. 


Worces- 
ter (Kin- 

nicutt, 
1900- 
1901). 


Lowell  I 

(Clark,  ;  Drainage 

1900-  I    canal. 

1901).  I 


22 


I 


17 


22 
50 


?1 

?6 

36 
29 

45 

44 



+20 
33 

33 

0 
55 

8 

43 

3.0 

+  2.9 

41.3 

2L0 
2.9 
48.0 

+32.7 
21.8 

22.8 
17.5 
26.7 


Commenting  on  the  above  tables,  the  witness  stated  that  if  analy- 
ses are  made  of  crude  sewage  and  of  effluents  from  the  septic  tank 
it  is  foxmd  that  the  amount  of  free  anynonia  in  the  effluent  is  greater 
than  in  the  sewage,  but  the  amount  of  total  or  soluble  albuminoid 
ammonia  is  less  in  the  effluent.  The  nitrogen  as  nitrates  and  nitrites 
is  very  small  in  the  effluent  as  well  as  in  the  sewage,  but  there  is  a 
reduction  in  both.  The  results  in  the  tables  indicate  very  strongly 
that  septic  action  has  taken  place  during  the  passage  through  the 
canal  of  water  containing  sewage,  as  is  shown  by  the  increase  in 
free  ammonia  and  oxygen  consumed.  The  results  agree  in  other 
general  characteristics  with  those  that  have  been  obtained  from  sep- 
tic tanks  at  various  places,  as  shown  in  Table  87.  In  other  words, 
the  canal  has  a  purifying  effect  and  renders  substances  that  still 
remain  in  the  sewage  more  easily  acted  on  when  they  are  discharged 
into  the  river.  The  purification  of  the  sewage  by  the  canal  consists 
of  the  removal  of  a  part  of  the  solid  matter  by  throwing  some  of  it 
down  to  the  bottom  of  the  canal  and  by  changing  some  of  it  to  gases. 
Very  little  work  has  been  done  with  reference  to  the  effect  of  the 
septic  tank  on  bacterial  life.  The  second  report  of  the  royal  com- 
mission on  sewage  disposal  of  Great  Britain  quotes  experiments  made 
in  Manchester,  England,  showing  that  the  Bacillus  coli  communis 
diminishes  during  the  septic  period,  and  the  same  effect  must  be  felt 
by  the  similar  and  more  delicate  bacteria  such  as  that  of  typhoid 
fever.  Similar  results  are  shown  at  Leeds.  The  witness's  opmion 
was  that  the  septic  tank  reduces  the  number  of  B.  coli  and  the  more 
delicate  pathogenic  germs,  and  that  the  total  number  of  bacteria  is 
diminished  by  10  or  15  per  cent.     (7348-7350.) 

The  witness  then  took  up  in  detail  the  results  of  examinations 
presented  in  evidence  by  Professors  Jordan,  Palmer,  Burrill,  Zeit, 
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and  Lotjg,  assenibling  the  datu  according  to  thB  avertige  dfl 
1 1(1118*  anri  arcorciint^  to  various  cambijiaiioDs  in   ntntiy  IjiHW 
charts  and  Jist^ussin^  in  conn**ction  therowit h  the  significaJK* of 
rosiiltB.     Tliis  tiiscussion  appears  in  the  r**cord,  PB^^  7354-7^ 

In  his  final  suiimimg  up  af  the  ovid(*nco  containpcl  in  liw* 
and  charts^  juyt  referred  t(j,  the  witness*  stated  tliat  abunt  JO  prt 
of  the  organic  matter  discharged  into  the  draina^  canal  from 
fiewers  of  Chicairo  disappears  in  the  ettnaL   this   percent^ 
aaeasnied  by  both  the  los.s  in  albuminoid  ammonia  and  the 
oxygen  consumed,     A  certain  amount  of  t*u»pended  matt^ 
ten  10 veil  and  further  amoimts  are  rendered  soluble  and  cm 
&ito  ga^^s.     This  not  only  purifies  a  part  of  the  sewage,  hiu 
thf*  I'emaintler  st>  that  further  purification  will  take  place  rnfov 
on  its  <lischai"^e  int.i^  Desplaines  River.     Uiidc»uhl<*diy,  in  thr 
stn^tcties  of  the  river  near  Joliet,  both  aerobic  an<l  anaerobk 
are  taking  place*     Farflu*r  downs tream—at  Ottawa,  for  exmmj 
the  a^etiun  is  principally  aernbir,   and  ui   both    IS 90   and   VM\ 
IKHUt  WHS  the  t*entt*r  of  the  zone  of  greatest  doeoui^XKsitioii 
ficatiou    continues  until  Avor>:>'iIle  is    reached.      Below  Peorii 
process  is  re[K*ated,  until  at  Grafton  all  the  original  oriraiuc 
which  was  in  the  river  at  PekLn  ha^s  been  deciun posed  and  ehi 
The  effect  of  emptying  the  sewage  of  Chicago  into  Desplainei 
is  to  iiifrerisi*  the  lunntint  of  orgrtnir-  niatter  in  the  upper  sti^t 
bii!  sijrh  jiddiliiiu  is  nut  imticed  m  Avi^ryville  exeepl  in  tlieinrn:' 
Tiititij^i-n  rtintaini'sl  In  ihe  riwr.     At  Gniftrm  the  efTect  of  the  a<^il 
turn  of  M^Wfigr  tn  lilinois  Hivivr  vnn  he  seen  iinly  in  the  }ii<:h  rh\m 
an*]  nitro^^en  as  nitnit*'^.     This  nitrogen  is  very  ditTi'n-nt  from  tbi 
lit  or  a  bow  Ottawa,  having  been  ehangeil  over  and  over  a;:aiii  fMi 
its  ori^^inal  rliarurtt^r.     Tlir  iharl  ri'prpsenling  Illinois  Kiver.  Mav  t 
August,  ]SM\)  iu\i\  1900,  befon'  and  after  the  n pinning  of  the  dntioa 
eamd,  sfiows  tluU  tin'  punticatiun  took  place  in  almost  exactly! 
same  way  (hn'iiitr  tlion*  twcj  periods.     Sucdi  nilroLTfiji  and  chltiritie 
art*  foimi!  in  \)ir  iiv(*r  at  (iraflori  are  not  in  thv  slightest  tlegree  tliB 
;:i' rolls  to  public  henllh  and  ran  have  absolulely  ni*  efTect  en  i 
huMian  system.      ^744l>-7441>.) 

Tlic  wilui'ss  slated  that  he  had  studied  the  deternunati*>n> 
Hnnlhiti  vtill  t'tttfUfuifiU  given  in  the  testimony  of  I^ofessor  J«i 
and  also  tlie  rxpei'iuu^nts  on  tlie  vial>ility  of  tyj>hoid  germs  niadf 
Prnfessi^rs  Jnrdnii,  liussidb  and  Zoit,  and  fts  a  result  thereof  i 
CiJiivinced  thai  un  deieterious  mutter  ]>ersisted  dn%\7i  Jilimas  Ri 
as  far  as  Grafli»ih  All  llie  data  tliat  he  ha*!  examined  shown!  tli 
the  wali'r  at  (ii'nfli>n  dors  not  <*i>nlain  imdeeom posted  matter,  aiul 
was  Iherefore  fiis  ofjiTtion  that  t  lu^  water  of  Miasissippi  River  a!  il» 
Chain  of  Hocks  ii\lakr  hail  unt  In^cn  made  less  valuable  for  driiil^ 
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purposes  or  more  liable  to  cany  water-borne  diseases  than  before 
the  opening  of  the  drainage  canal.  He  considered  that  an  increased 
speed  of  Illinois  River  caused  by  the  addition  of  water  from  the 
drainage  canal  would  not  have  any  effect  in  increasing  or  diminish- 
ing the  number  of  typhoid  germs  or  the  liability  to  typhoid  and 
other  water-borne  diseases  on  the  part  of  the  inhabitants  of  St.  Louis. 
(7449-7450.) 

The  witness  then  expressed  his  disagreement  with  Professor  Sedg- 
wick's statement  that  the  typhoid  germ  may  live  in  sewage-polluted 
streams  for  weeks,  months,  or  even  years,  because  all  the  experi- 
ments with  which  he  was  famiUar  showed  that  the  typhoid  germ 
will  live  a  shorter  time  in  polluted  water  than  in  pure  water.  He 
further  disagreed  with  Professor  Sedgwick  by  stating  his  belief  that 
a  typhoid  bacillus  woidd  not  live  from  the  time  it  left  the  Chicago 
sewers  imtil  it  entered  slack  waters  at  Peoria,  and  that  even  should 
it  survive  the  passage  to  this  point  and  be  deposited  upon  the  bed 
of  Lake  Peoria,  it  would  not  live  for  a  period  of  a  month  in  such  a 
deposit.  In  this  connection  he  cited  an  experiment  described  in  the 
Thirty-fourth  Annual  Report  of  the  Massachusetts  State  board  of 
health,  in  which  polluted  water  was  allowed  to  stand  in  a  large 
storage  reservoir  without  further  pollution  and  the  colon  bacilli  rap- 
idly decreased  and  none  were  found  after  eleven  days.  He  also  dis- 
agreed with  Professor  Sedgwick's  statement  that  the  waters  leaving 
Lake  Peoria  would  at  times,  by  reason  of  the  accumulation  of  bac- 
teria in  the  lake,  be  more  infectious  than  those  discharged  from  the 
Bear  Trap  dam*,  and  declared  that  he  knew  of  no  evidence,  scientific 
or  other,  that  would  show  that  germs  of  typhoid  fever  would  remain 
upon  the  bottom  of  streams,  lakes,  or  slack-water  basins  for  a  long 
period  and  then  be  washed  out  in  a  virulent  state  and  be  dangerous 
to  people  consuming  the  water.     (7451-7453.) 

The  witness  stated  that  the  analytical  evidence  presented  by  the 

defendants  ^showed  that  Mississippi  and  Illinois  rivers  above  Grafton 

ntain  practically  the  same  amounts  of  impurity  and  that  Missouri 

ver  at  Fort  Bellefontaine  contains  a  much  larger  amount  than  either 

the  others.     Therefore  the  mixing  of  the  waters  of  the  first  two 

ams  with  that  of  the  Missouri  would  improve  it  as  a  water  supply 

St.  Louis.     (7459.) 

hi  the  opinion  of  the  witness,  the  water  of  Mississippi  River  at  the 
ain  of  Rocks  intake  was  not  suitable  for  drinking  purposes  in  its 
iw  state,  either  before  or  after  the  opening  of  the  Chicago  drainage 
mal.     (7462-7463.) 
The  cross-examination  was  waived. 
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THEOBALD  SMITH. 

Theobald  Smith,  a  witness  on  behalf  of  the  defendants,  stated  that 
he  was  a  professor  in  the  Harvard  Medical  School  and  pathologist  of 
the  State  board  of  health  of  Massachusetts,  which  position  he  had  held 
since  1895.  Prior  to  that  he  was  bacteriologist  in  charge  ot  the  inves- 
tigations of  the  Bureau  of  Animal  Industry,  United  States  Department 
of  Agriculture,  and  at  the  same  time  professor  of  bacteriology  in  the 
medical  department  of  Columbian  University.  He  graduated  from 
Cornell  University  in  1881,  spent  two  years  in  the  study  of  medicine  at 
Albany  Medical  Colloge,  spent  six  months  in  special  work  at  Cornell, 
and  went  to  Washington  in  the  fall  of  1883.  He  had  become  inter- 
ested in  the  bacteriology  of  water  in  1886,  when  he  made  observations 
on  Potomac  River,  and  in  1891  he  was  engaged  lor  a  number  of  months 
on  a  sanitary  survey  of  Hudson  River  between  Schenectady  and 
Albany.  During  the  year  previous  to  the  date  of  testimony  he  was 
engaged  in  looking  over  the  bacteriological  and  general  sanitary  status 
of  Charles  River  basin,  around  Boston.  During  all  this  period  of  inves- 
tigation the  main  question  involved  had  been  the  bearing  of  drinking 
water  on  typhoid  fever  and  other  intestinal  infections.     (7288-7290.) 

The  witness  then  stated  that  in  considering  the  sanitary  condition 
of  a  water  he  had  taken  it  for  granted  that  the  most  important  indica- 
tion of  its  pollution  would  be  the  presence  of  fecal  matter,  because  the 
bacilli  of  typhoid  fever,  dysentery,  Asiatic  cholera,  and  various  diar- 
rheal diseases  are  involved,  and  any  test  that  would  indicate  the  rela- 
tive number  of  these  bacteria  would  bring  the  observer  as  nearly  as 
possible  to  an  exact  determination  of  the  condition  of  the  water.  In 
the  study  of  fecal  bacteria  there  is  one  bacillus,  of  intestinal  origin  the 
isolation  of  which  affords  as  accurate  a  judgment  as  ]>ossible  of  the 
sanitary  quality  of  a  water.  This  is  Bacillus  coli  communis,  a  species 
closely  allied  to  and  a  probable  progenitor  of  B.  typhosus.  In  view  of 
the  fact  that  bacteriological  methods  are  still  unsatisfactory  in  the 
isolation  of  the  typhoid  bacillus,  it  is  not  practicable  to  attempt  such 
determinations  on  a  large  scale,  but  the  presence  of  the  colon  bacillus 
affords  information  nearly  as  conclusive.  He  then  described  the  tests 
for  distinguishing  between  the  two  organisms.  With  reference  to 
their  comparative  longevity,  he  stated  that  the  typhoid  bacilli  are 
more  perishable  under  a  variety  of  conditions.     (7290-7292.) 

The  witness  defined  the  bacterial  self-purification  of  streams  as  a 
reduction  in  the  number  of  bacteria  in  a  stream,  which  is  not  due 
simply  to  perfect  or  imperfect  sedimentation,  but  to  the  complete  dis- 
appearance or  destruction  of  the  bacteria  in  the  water.  He  did  not 
know  of  any  general  principles  involved,  and  was  of  the  opinion  that 
each  stream  has  certain  special  local  conditions  that  require  investiga- 
tion and  that  depend  on  a  number  of  factors  which  vary  from  stream 
to  stream,  so  that  an  individual  investigation  of  each  stream  by  itself 
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is  necessary.  He  expressed  the  belief  that  the  study  of  Illinois  River 
between  Chicago  and  Grafton  was  the  most  extensive  ever  made,  and 
laid  stress  on  the  examination  for  B,  coli  communis  as  especially  appli- 
cable to  such  a  problem.     (7295-7296.) 

With  reference  to  the  failure  to  find  the  colon  bacillus  in  Misvsissippi 
River  above  New  Orleans,  the  witness  stated  that  the  results  would 
lead  to  the  belief  that  all  the  other  closely  related  bacteria,  such  as  the 
tvphoid  and  dysentery  bacilli,  had  also  disappeared.     (7296.) 

The  typhoid  bacillus  will  not  reproduce  its  kind  in  ordinary'  water, 
but  will  grow  rapidly  in  milk  until  the  milk  becomes  very  acid.  In 
jjeneral  the  typhoid  bacillus  does  not  increase  outside  of  the  human 
Unly  except  in  favorable  culture  media.     (7297.) 

The  witness  stated  that  he  would  assume,  from  the  data  introduced 
in  the  testimony  of  Professor  Jordan  relative  to  the  numbers  of  colon 
bacilh  in  the  waters  of  the  drainage  canal  and  Illinois,  ^tississippi,  and 
Missouri  rivers,  that  these  bacilli  had  so  largely  disappeared  in  their 
passage  down  Illinois  River  that  they  were  less  numerous  in  this 
stream  at  Grafton  than  in  the  Mississippi  above  Grafton  or  in  the  Mis- 
souri at  its  mouth.  Therefore  it  would  seem  to  him  that  the  water  at 
the  mouth  of  Illinois  River  was  certainly  not  inferior  to  that  in  the 
other  two  streams,  but ,  on  the  contrary,  more  pure.  If  virulent  typhoid  ^ 
bacilli  should  actually  pass  from  Chicago  to  the  mouth  of  IlHnois  River, 
such  passage  would  be  made  according  to  conditions  and  laws  of  which 
the  profession  knows  nothing;  but,  basing  his  opinion  on  the  close 
relationship  of  the  colon  bacillus  to  the  typhoid  bacillus  and  to  this 
entire  group  of  disease  germs,  he  believed  that  he  was  justified  in  stat- 
ing that  virulent  typhoid  bacilli  would  be  very  largely  destroyed 
before  reaching  Grafton.  If  a  typhoid  bacillus  should  be  discovered 
in  the  water  supply  of  St.  Louis  or  in  Mississippi  River  at  Chain  of 
Rocks,  it  would  be  utterly  impossible  to  identify  its  source,  but  the 
presumption  would  be  that  it  had  come  from  the  nearest  town  dis- 
charging sewage.  On  the  whole,  the  passage  of  a  typhoid  bacillus 
trom  Chicago  to  St.  Louis  was  entirely  out  of  probability.    (7297-7301.) 

The  witness  then  stated  that  the  question  concerning  the  effect  of  pol- 
luted water  on  the  life  of  the  typhoid  bacillus  is  very  difficult  to  answer 
categorically,  inasmuch  as  it  depends  on  the  temperature  and  the 
amount  of  pollution.  It  is  probable  that  if  the  pollution  were  very 
great  the  typhoid  bacilli  under  very  favorable  temperature  might  begin 
to  multiply  after  a  short  period  of  time,  and  in  the  course  of  this  multi- 
plication would  become  destroyed,  because  they  would  render  them- 
selves vulnerable  to  destruction — that  is  to  say,  it  is  possible  that  sew- 
age might  offer  enough  stimulus  to  these  bacteria  to  induce  them  to 
multiply  and  then  become  destroyed.  The  history  of  t\q)hoid  epi- 
demics had  shown  that  typhoid  bacilli  can  be  carried  by  relatively 
IRB  194—07 10 
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*t  Ithaca  and  Plymouth,  but  whethel 
to  the  destruction  of  the  bacteria  oi 
>z:  'mpfsma^  which  he  did  not  feel  competent  t^ 
7301-7303.) 

sem-app  was  the  cause  of  typhoid  feve 

::*—  we-*,  n^  a  rplan<»nship  between  the  occurrence 

:    1^  -•     -ni^  Hi  pciint  of  time.     The  curves  diagn 

'"^'■^  ==*^  '^** '»"  lieaihs  mould  be  synchronous,  althoL^ 

r^  *  T.    •»  aiisidT  retaitled,  because  of  the  distan. 

'"^  ^  ^  wriod  <rf  incubation  of  the  disease.    H 

-^  aj    -mp^-i  ie  liftween  these  two  cities  along  th^ 

^^ti-    •  -T-^  -  T»  X.  L^Hiis  charts  seems  to  correspond 

'*   ^-r-jfT'  aaL  f^  Jnrmse  manifested  throughout  tht 

'-»«**  2^  ^  T**kri»Tii  to  the  occurrence  of  the  disease 

■  * '  -T*^'*  ^  typhoid  fever  on  the  three  great 
■  ^  1  -i*  -ie  witness  stated  that  he  would  not 
-  ■■.-  -^  :    5  c  public  use  without  previous  purfr 

.  -       *  "-arr  -    rrwre  out  the  somxies  of  infection 
~r^    ••*  :•'  points  nearer  than  ChicagoJ 

■  -.        ^    r  li*  n-pboid  bacillus  in  water,  the  far- 
**  •       :  -Ir  i?!S5  would  be  the  danger  of  disease 

—  ^-^    roi--*™  discnai^ed  into  the  stream 

.    »•   :  .  :  7r»  CT  cangwous  than  a  lai^  nimiber 

.>-^  --T :<  €  Pnrfessors  Jordan,  RusseU,  and 

-  -  .     .  *ai  *«it  as  determined  by  the  use  oj 

^      .    .     -j.^  ^;i.^*:   ia:  a  new  factor  had  been  intro^ 

'^*  c^  43  i  that  they  had  defined,  for  the 

^     .       *       -    r  Uie  l^cterium  in  polluted  wat^r 

^    .    ^    -  -^      42ir  ie  stated  that  he  felt  prejMired 

^   .     .  .  ^       »-K^  iii   r^inion  that  it  would  be  phy?*- 

»WL  ..*ss>  jcarting  from  Chicago  to  reach 


V  *    ^  *i*  1  c^:  y^t  on  cross-examination. 

vC^^^r^^^  -*  SMITH. 

.•.  ic-  »  *  ~**^^  --^  behalf  of  the  defendants, 
5^  ,  ^  :,, . .  :v,  r^  a!  Beloit  College,  Beloit  ,WL<- . 
,  >.  ■  ;r  -V  ■•.V  !vNi.  He  had  graduated  from 
^  ,.  r  1  ^  -ar  >:adieti  imder  private  tutelage. 
-..  r  •v':>:ry  to  TVilliston  Seminar}- ai 
^  .^  >^.r».  f  %r  three  years  and  then  going  t*» 
^.^tv^  v»f  diH*U>r  of  philosophy  at  Georgia 
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Augusta  University,  Germany,  in  1883,  and  had  taken  a  course  in  bac- 
teriology during  one  summer  at  the  Massachusetts  Institute  of  Tech- 
nologj\  Since  1885  he  had  given  practically  all  his  available  time  to 
the  study  of  sanitary  problems,  especially  those  related  to  water- 
courses. In  connection  with  his  studies  he  had  been  called  to  inves- 
tigate many  public  water  supplies,  including  those  from  both  surface 
and  imderground  sources.  He  had  investigated  typhoid  fever  epi- 
demics at  numerous  places  and  gave  extended  accounts  of  each  during 
hk  testimony.  In  addition  to  this  he  had  acted  as  consulting  chemist 
in  c4)imection  with  water-filtration  plants  at  Rock  Island  and  Kanka- 
kee, 111.;  Ashland,  Eau  Claire,  Oshkosh,  and  West  Superior,  Wis.; 
Independence  and  Burlington,  Kans. ;  Cedar  Rapids  and  Burlington, 
Iowa;  Beaver  Falls,  Pa.;  Warren,  Ohio;  Brooklyn  and  Bingham  ton, 
K.  Y. ;  and  Denver,  Colo.  He  had  also  studied  filtration  systems  at 
London,  Paris,  Antwerp,  Berlin,  and  Hamburg.     (6736-6745.) 

The  witness  stated  that  he  had  studied  the  chemical  and  bacterial 
analyses  of  the  waters  of  Lake  Michigan,  the  drainage  canal,  Des- 
plaines,  Illinois,  Mississippi,  and  Missouri  rivers,  as  presented  in  the 
testimony  of  Professors  Jordan,  Gehrmann,  Palmer,  and  Burrill,  and 
was  thoroughly  acquainted  with  all  the  bodies  of  water  mentioned. 
He  had  made  a  trip  from  the  mouth  of  Chicago  River  along  the  entire 
course  as  far  as  Eads  Bridge,  St.  Louis.     (6745-6746.) 

The  attention  of  the  witness  was  directed  to  the  BaciUtis  prodigiosus 
experiment  made  by  Doctor  Ravold  on  behalf  of  the  complainant.  He 
stated  that  this  bacillus  is  an  organism  not  widely  distributed  in 
nature,  although  it  occasionally  does  occur.  He  was  not  sure  whether 
he  had  found  it  himself  in  river  waters,  but  had  found  a  form  closely 
allied  to  it.  In  his  opinion  the  prodigiosus  experiment  did  not  possess 
value  with  reference  to  the  probable  longevity  of  the  typhoid  bacillus. 
The  longevity  of  B,  prodigiosus  is  not  necessarily  a  measure  of  that  of 
the  typhoid  bacillus,  and  the  results  of  the  experiment,  on  the  assump- 
tion that  the  facts  as  presented  by  Doctor  Ravold  are  true,  do  not  con- 
tribute to  the  probability  that  a  typhoid  bacillus  entering  the  drainage 
canal  woidd  find  its  way  to  the  intake  of  the  St.  Louis  waterworks. 
On  the  contrary,  it  seems  highly  improbable  that  such  would  be  the 
case,  because,  although  B,  prodigiosus  is  known  to  flourish  in  water 
under  ordinary  temperature  when  the  proper  nourishment  is  available, 
there  is  no  evidence  showing  that  the  typhoid  organism  flourishes 
under  similar  conditions.  With  reference  to  the  experiment  itself,  the 
witness  stated  that  there  was  nothing  in  the  results  to  show  that  the 
bacilli  alleged  to  have  been  found  were  those  that  were  placed  in  the 
water  of  the  canal,  because  there  is  evidence  that  they  are  occasionally 
found  in  natural  water.     On  studying  the  question,  it  seemed  to  him 
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that  if  these  bacilli  had  remained  in  the  water  for  any  length  of  time 
they  would  have  been  found  farther  up  the  river,  but  no  such  identifi- 
cations were  made  above  Grafton,  although  they  were  diligently 
searched  for  in  the  water  at  JoKet.     (6747-6750.) 

The  presence  of  the  colon  bacillus  in  water  is  ven^  significant  because 
it  is  the  constant  inhabitant  of  the  intestinal  tracts  of  man  and  of  mcist 
domestic  animals  and  is  not  present,  certainly  in  any  number,  in  a 
natural  unpolluted  water.  There  is  a  question  whether  some  fish  do 
not  excrete  them  in  small  numbers  and  therefore  the  colon  bacillus 
is  oc<*asionally  found  in  an  unpolluted  water.  Under  ordinary  cir- 
cumstances, however,  the  discovery  of  this  organism  in  a  natural 
water  is  presumptive  evidence  that  fecal  matter  as  sewage  has  found 
its  way  into  that  water.     (6751.) 

Ac<M>rding  to  the  work  of  Doctor  Frankland,  the  typhoid  bacillus 
has  been  observed  in  water  previously  sterilized  after  a  period  of  one 
hundred  days,  and  this  may  be  taken  as  the  maximum  recorded  time. 
In  unsterilized  water  it  would  diminish  in  numbers  and  disappear  aftei 
a  few  days,  some  records  specif^ong  it  at  six  or  seven  days  and  some 
as  high  as  twenty-six  days.  The  bacillus  does  not  multiply  and 
increase  in  water.  I^borator}^  conditions  are  rather  more  favorable 
for  its  longevity  than  those  met  wiih  in  nature.  One  of  the  reasons 
for  this  is  that  the  glass  itself  seems  to  affect  the  water.  There  are 
other  conditions,  such  as  imiformity  of  temperature  and  environment, 
neither  of  which  prevail  in  a  running  stream.  Experiments  show 
that  the  typhoid-fever  germ  will  not  live  as  long  in  polluted  as  in  ster- 
ilized water,  the  reason  probably  being  that  the  organism  in  polluted 
water  is  subject  to  certain  enemies,  namely,  the  toxins  thrown  off  b]P 
the  other  bacterial  forms,  as  well  as  the  varying  conditions  of  the 
stream.     (6752-6753.) 

The  witness  stated  that  from  such  study  as  he  had  been  able  to  make 
of  the  quality  of  water  in  the  drainage  canal  and  Desplaines  and  Illi- 
nois rivers  and  from  a  study  of  the  work  of  Professor  Jordan  it  wa^ 
his  opinion  that  the  duration  of  life  of  the  t}T)hoid  bacillus  must  be 
brief  in  those  streams,  amounting  to  but  two  or  three  days.  This  he 
believed  to  be  due  to  the  toxic  efl*ects  on  the  typhoid  organisms  of  the 
other  organisms  in  the  stream.     (6753-6754.) 

Theefl*ect  of  the  dams  erected  across  Illinois  River  would  naturally  l>€ 
to  increase  the  amount  of  sedimentation  by  bringing  the  water  into  a 
more  quiescent  condition.  A  high  water  always  tends  to  increase  the 
amount  of  sediment  contained  in  a  river,  but  the  physical  surround- 
ings of  Illinois  River  compensate  for  this  increase  of  sediment,  because 
during  high  water  the  stream  overflows  and  there  is  an  enormou< 
amount  of  sedimentation  on  the  overflowed  lands.  Bacteria  will 
responcl  to  the  law  of  gravity,  for  they  are  somewhat  heavier  than 
water,  but  this  response  takes  place  slowly  except  in  water  practically 


TESTIMONY   OF   ERASTUS   G.  SMITH.  293 

quiescent.  The  tendency  of  bacteria  is  downward,  however,  even  in 
a  running  stream.  The  settlement  of  matter  in  suspension  greatly 
ajfisists  the  sedimentation  of  bacteria  because  the  organisms  fasten  on 
the  particles  of  suspended  matter  and  are  carried  downward.  (6754- 
6755.) 

In  reply  to  a  question  concerning  the  effect  of  the  discharge  of  clear 
water  from  Lake  Michigan  on  the  rate  of  sedimentation  in  Illinois 
River,  the  witness  stated  that  the  amount  passing  through  the  drain- 
age canal  could  not  produce  a  condition  of  sufficient  clearness  in  the 
river  water  to  preclude  the  possibility  of  the  opportunity  for  sedimen- 
tation. Even  if  the  entire  sewage  of  Chicago  could  be  diverted  into 
the  drainage  canal  and  800,000  cubic  feet  of  water  per  minute  from 
Lake  Michigan  should  pass  over  the  Bear  Trap  dam  the  dilution 
caused  thereby  would  not  be  sufficient  to  prevent  the  sedimentation 
of  bacteria  in  the  river.     (6756.) 

The  dilution  of  the  water  of  a  river  with  another  water  of  pure  qual- 
ity is  one  of  the  well-recognized  factors  in  the  problem  of  self-purifica- 
tion of  streams.  It  separates  the  different  micro-organisms,  and  thus 
diminishes  the  liability  of  their  being  taken  into  the  animal  economy. 
Sewage-laden  water  diluted  with  water  of  a  better  quality  is  thereby 
rendered  less  Uable  to  communicate  disease  by  infection.  Therefore 
the  addition  of  the  pure  Lake  Michigan  water  to  the  Chicago  sewage 
improves  its  quality,  because  the  dangerous  micro-organisms  in  the 
sewage  are  more  widely  separated  from  each  other,  and  also  because 
it  gives  the  river  greater  room  for  facilitating  the  sedimentation  of  the 
solid  matter  in  suspension,  thereby  decidedly  improving  the  sanitary 
condition  of  Illinois  River  from  the  standpoint  of  the  chemical  and 
bacteriological  changes  taking  place.     (6757-6758.) 

In  the  opinion  of  the  witness,  it  seemed  very  clear  that  there  is  no 
pollution  dangerous  to  public  health  from  the  drainage  canal  persist- 
ing in  Illinois  River  as  far  as  Grafton,  for  the  reason  that  the  natural 
conditions  of  the  stream  are  such  as  to  facilitate  the  dilution,  sedi- 
mentation, and  oxidation  of  the  sewage  matter.  In  addition  to  this, 
experimental  work  shows  that  the  life  of  the  typhoid  bacillus  in  this 
stream  probably  does  not  exceed  three  days.  The  result  of  all  this  is 
that  the  water  of  Illinois  River  at  Grafton  appears,  from  all  chemical 
and  bacteriological  standpoints,  to  be  equal  in  (juality  to  that  of  tribu- 
tary streams  in  the  valley.  These  conditions  would  persist  even 
in  the  event  of  low  water  in  Missouri  River  at  a  time  when  Illinois 
River  was  in  flood  stages,  because  even  under  such  flood  conditions 
the  purifying  agencies  would  still  be  effectual.  Therefore,  in  the 
li^ht  of  all  the  conclusions  above  given,  the  witness  stated  that  the 
sewage  from  Chicago  could  not  affect  the  water  supply  of  St.  Ix)uis 
nor  the  waters  of  the  Mississippi  as  they  pass  along  the  border  of  the 
State  of  Mij^ouri.     (6760-6762.J 
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The  witness  stated  that  in  his  opinion  the  typhoid  bacillus  would 
live  longer  in  the  sediment  at  the  bottom  of  a  stream  than  it  would  in 
the  water  itself,  for  the  reason  that  the  changes  taking  place  in  the 
sediment  are  not  so  great  nor  so  constant  as  in  the  water.  Of  course 
a  bacterium  deposited  in  such  sediment  would  be  affected  by  the 
same  agencies,  namely,  the  toxic  products  of  other  bacteria,  as  in 
the  water  of  the  stream  itself,  but  probably  to  a  less  degree,  so  that 
the  absence  of  these  destructive  Agencies  would  prolong  the  life  of 
the  organism  in  the  sediment  of  the  stream,  but  not  for  any  great 
length  of  time.     (6764.) 

The  witness  expressed  agreement  with  Professors  Jordan  and  Rus- 
sell in  stating  that  the  typhoid  organisms  would  live  longer  in  moist 
earth  than  in  the  sediment  of  a  stream,  because  of  the  fact  that  the 
particles  of  moist  soil  are  separated  by  thin  layers  of  air,  which  ten<l 
to  diffuse  the  toxic  agencies  of  other  bacteria  less  rapidly  than  water. 
The  particles  of  sediment  in  the  bottom  of  the  stream  are  all  sur- 
rounded by  water  and  the  conditions  of  diffusion  are  practically  the 
same  as  in  the  water  of  the  stream  itself.  It  was  his  opinion,  how- 
ever, that  the  period  during  which  the  typhoid  bacillus  will  live  in 
moist  earth  does  not  furnish  any  criterion  for  its  longevity  in  the 
sediment  of  a  running  stream  and  that  the  two  conditions  are  in  no 
way  comparable.     (6764-6765.) 

In  giving  mortality  statistics,  the  witness's  preference  was  for  the 
use  of  the  rate  per  unit  of  population  rather  than  the  mortality  per- 
centage method,  for  the  same  reason  as  had  been  expressed  by  other 
witnesses  for  the  defense.  He  also  thoroughly  agreed  with  Professor 
Russell  in  his  opinion  of  the  danger  of  typhoid-fever  infection  from 
rural  communities,  and  gave  various  cases  in  which  such  infection  ha^l 
caused  epidemics.     (6767-6770.) 

With  reference  to  the  position  occupied  "by  the  science  of  bact-eri- 
ology  in  regard  to  the  ascertainment  of  the  purity  of  river  waters, 
the  witness  stated  that  it  is  commonly  accepted  that  diseases  are 
caused  by  certain  specific  organisms  and  that  among  these  organisms 
which  can  be  borne  by  water  are  those  of  typhoid  fever  and  cholera. 
These  are  intestinal  diseases,  and  therefore  it  is  very  important  to 
determine  whether  or  not  fecal  matters  find  access  to  the  water.  The 
presence  or  absence  of  the  intestinal  bacteria  can  be  used,  therefore, 
as  the  most  important  index  in  determining  the  purity  or  impurity  of 
the  supply.     (6770.) 

The  witness  then  stated  that  the  science  of  chemistry  as  applied  to 
river  water  has  to  do  with  the  determination  of  the  presence  or 
absence  of  organic  matter  in  that  wat^r.  It  is  necessary  to  know  the 
chemical  constituents  of  water  from  a  sanitary  standpoint  and  whether 
or  not  the  water  contains  organic  matter.  It  may  or  may  not  be  pos- 
sible to  iletermine  the  bacterial  forms  present  in  the  water,  but  the  pres- 
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ence  or  absence  of  organic  matter  can  be  determined.  Another 
application  of  chemistry  is  to  determine  what  changes  the  organic 
matter  undergoes  after  a  period  of  time.  A  sanitarian  couhl  hardly 
form  a  proper  opinion  regarding  the  quaUty  of  a  river  water  did  he 
not  have  chemical  and  bacteriological  data  on  which  to  base  such  an 
opinion.  As  an  example  of  this  witness  cited  the  South  Platte  River, 
at  Denver,  Colo. — a  bright,  clear,  stream  flowing  from  a  mountain 
spring  through  unoccupied  land.  The  water  is  entirely  satisfactory 
in  appearance,  but  on  bacteriological  examination  is  found  to  be 
polluted  with  sewage.  Chemical  evidence  is  confirmatory  of  this,  and 
it  is  thereby  shown  that  the  water  is  unfit  for  domestic  consumption 
in  its  raw  state.     (6771-6772.) 

In  the  opinion  of  the  witness,  the  chemical  and  bacterial  data  sub- 
mitted by  the  defendants  show  that  the  waters  of  Illinois  River 
have  became  practically  purified  of  Chicago  sewage  before  reaching 
Peoria,  and  therefore  could  not  become  a  menace  to  the  inhabitants 
of  the  State  of  Missouri.  This  being  the  case,  the  same  would  be  true 
at  the  mouth  of  Illinois  River,  and  in  his  opinion  the  Illinois  River 
water  at  Grafton  discloses  a  smaller  amount  of  impurity  than  that 
of  the  Mississippi  above  the  mouth  of  the  Illinois  or  that  of  the  Mis- 
souri above  its  confluence  with  the  Mississippi.  Therefore,  if  the 
(lata  show  that  there  is  a  gradual  mixing  of  Illinois  River  water  with 
that  of  the  other  two  rivers,  the  tendency  w^ould  be  to  improve  the 
quality  of  the  combined  waters.     (6772-6775.) 

The  witness  then  reviewed  the  facts  w  ith  reference  to  sewage  pollu- 
tion in  Mississippi  River  above  the  mouth  of  Illinois  River,  stating  the 
extent  to  which  polluting  materials  were  discharged  and  their  effect  on 
Mississippi  River  water.  In  his  opinion,  the  Mississippi  water  is  unfit 
for  drinking  and  domestic  purposes  in  its  raw  state.  (6775-6785.) 
With  reference  to  the  opinion  expressed  by  Professor  Sedgwick,  that 
the  germs  of  typhoid  fever  could  lie  in  the  sediment  of  the  drainage 
canal  and  upon  the  bottom  of  IlUnois  River  for  a  period  of  one  to 
three  years  and  then  be  washed  out  and  pass  down  the  river  in  a 
virulent  condition,  the  witness  said : 

From  the  experiments  already  given  upon  the  life  of  the  typhoid-fever  germs  in  the 
Illinois  River  after  the  aame  has  received  the  sewage  of  the  city  of  Chicago,  from  the 
fact  that  the  germs  which  may  have  been  precipitatcnl  to  the  bottom  of  the  river  in 
the  sediment  of  the  river  would  be  measurably  subject  to  the  same  agencies,  the  same 
tending  to  its  rapid  destruction,  it  is  my  opinion  that  there  is  no  probability  or  possi- 
bility of  a  germ  remaining  at  the  bottom  of  the  river  for  a  period  of  from  one  to  three 
years.  I  know  of  no  instance  on  record  or  in  literature  where  a  typhoid  bacillus  has 
lived  for  a  period  of  from  one  to  three  years  in  the  sinliment  of  a  polluted  stream  or  in 
the  water  of  the  same;  but  on  the  a)ntrary,  the  records  of  all  the  experiments  which  I 
We  been  able  to  read  and  from  all  information  I  have  been  able  to  gather  upon  the 
subject  of  the  duration  of  the  life  of  a  typhoid-fever  genn  in  a  jxillutwl  water  is  that  it 
i?  brief,  being  limited  to  that  of  a  few  days,  six  or  seven,  perhaps,  at  the  outsid*'. 
16785-6786.) 
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The  water  from  Mississippi  River  at  Chain  of  Rocks  was  not  prior 
to  the  opening  of  the  Chicago  drainage  canal  a  safe  and  potable  water 
for  domestic  purposes  in  St.  Louis.  The  opening  of  said  canal  had 
not  created  any  greater  necessity  for  the  purification  of  this  water  for 
municipal  puq>oses  than  existed  prior  to  such  opening,  and  in  the 
event  that  a  filter  should  be  estabUshed  at  St.  Louis  the  cost  of 
operation  would  not  be  increased  by  the  discharge  of  Chicago  sewage 
into  the  Illinois  River  basin.     (6791-6796.) 

The  witness  then  reviewed  the  analytical  data  presented  by  Pnv 
fessors  Jordan,  Long,  and  Palmer,  and  introduced  into  the  record  and 
discussed  tables  of  averages,  his  conclusions  being  the  same  as  those 
already  submitted  by  the  above-named  witnesses.     (6796-6811.) 

In  response  to  leading  questions  the  witness  discussed  further  the 
improbability  of  there  being  any  damage  caused  to  the  St.  Louis 
water  supply  by  reason  of  the  discharge  of  sewage  into  the  Illinois 
River  basin,  but  as  the  matter  is  largely  repetition  it  will  not  be 
reviewed  here.     (6811-6828.) 

No  important  new  facts  appear  to  have  been  established  on  cross- 
examination. 

4 

GEORGE  DOCK. 
DIRECT    EXAMINATION. 

George  Dock,  a  witness  called  in  behalf  of  the  defendants,  qualified 
as  an  expert  by  saying  that  he  had  been  connected  with  the  medical 
faculty  of  the  University  of  Michigan  for  thirteen  years,  and  at  the 
time  of  the  testimony  held  the  chair  of  theory  and  practice  of  medi- 
cine. He  graduated  from  the  medical  department  of  the  University 
of  Pennsylvania  in  1884;  spent  one  year  after  graduation  in  St. 
Mary's  Hospital,  which  is  situated  in  and  receives  the  patients  from 
the  most  afflicted  typhoid  district  in  Philadelphia.  He  gave  especial 
attention  to  this  disease  during  his  period  of  service  in  this  hospital. 
He  then  went  to  Germany  and  for  two  years  studied  medicine  at 
Leipzig,  Beriin,  Vienna,  and  Frankfort.  During  his  attendance  at 
Leipzig  and  Berlin  typhoid  fever  was  epidemic  and  excellent  oppor- 
tunities were  afforded  him  for  the  study  of  this  disease.  Returning 
to  Philadelphia,  he  became  connected  with  the  hospital  of  the  Uni- 
versity of  Pennsylvania,  and  during  the  period  of  his  service  there  he 
had  an  unusually  large  practice  among  typhoid-fever  cases.  At  this 
hospital  he  began  the  study  of  malaria,  and  in  order  that  he  might 
have  a  good  opportunity  to  study  that  disease  he  went  to  Galveston, 
Tex.,  and  became  professor  of  pathology  in  the  Galveston  Medical 
School  and  physician  in  the  hospital.  After  his  services  at  Galveston 
he  accepted  a  position  at  the  ITniversity  of  Michigan,  where  he  had 
remained  uj)  to  the  date  of  the  testimony.     During  the  Spanish- 
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Auierican  war  he  was  engaged  by  the  Sui^eon-General  of  the  United 
States  Army  to  visit  the  militan^  hospitals  at  Chickamauga,  Knox- 
ville,  and  Camp  Meade,  and  there  added  to  his  already  ripe  experience 
in  the  diagnosis  of  malaria  and  typhoid  fever.     (7044-7050.) 

The  witness  then  entered  on  a  discussion  of  the  diagnostic  difficul- 
ties in  typhoid  fever  and  malaria.  He  found  at  Galveston  practically 
no  typhoid  fever  reported,  but  an  unusually  large  amount  of  malaria, 
nearly  all  of  which  proved  on  examination  to  be  typhoid  fever.  On 
going  to  Ann  Arbor  he  found  this  experience  repeated,  with  the  dif- 
ference that  although  he  had  in  Galveston  found  a  few  cases  of  actual 
malaria,  he  found  not  a  single  fatal  case  among  all  those  reported  as 
such  in  the  State  of  Michigan.     (7045-7046.) 

The  entire  subject  of  the  occurrence  of  malaria  throughout  the 
Mississippi  Valley  had  been  thoroughly  studied  by  him  and  he  had 
given,  special  attention  in  years  past  to  St.  Louis  by  visiting  the  city 
frequently,  inspecting  and  conferring  personally  and  by  letter  with 
the  physicians  there.  He  found  that  in  St.  Louis  malaria  was  very 
rare,  and  it  was  hkely  that  nearly  all  the  supposed  cases  were  typhoid. 
(7046^7049.) 

In  his  examination  of  the  army  hospitals  in  1898  he  found  that  at 
Chickamauga  out  of  400  cases  diagnosed  as  malaria  there  was  only  one 
actual  case,  the  remainder  being  typhoid.  At  Camp  Meade  there 
were  during  his  period  of  inspection  several  hundred  cases  diagnosed 
as  malaria,  all  of  which  except  one  were  typhoid,  while  at  Klnox- 
ville  he  found  not  a  single  case  of  malaria.     (7049-7050.) 

Continuing,  he  stated  that  the  terms  ''intermittent,''  '^remittent/' 
'typho-malarial,''  *' congestive,''  and  'simple  continued"  fevers  were 
entirely  unsatisfactory  and  did  not  represent  specific  types  and  that 
they  nearly  all  mean  typhoid  fever  in  the  vital  statistics  reports. 
Malaria  appears  as  remittent  and  sometimes  as  intermittent,  but  so 
does  typhoid,  and  therefore  any  of  the  symptoms  noted  under  the 
above  terms  were  not,  as  specified,  all  malarial  exclusively.  (7051- 
7053.) 

Hypothetical  questions  were  then  asked,  based  on  a  statement  of 
the  number  of  deaths  reported  from  typhoid  and  the  malarial  dis- 
eases, above  named,  in  St.  Louis.  These  figures  are  given  in  Table  80 
(p.242).     Li  reply  the  witness  made  the  following  comments: 

From  1895  to  1903  the  record  shows  a  steady  and  gradual  increase 
in  the  number  of  cases,  but  no  sudden  or  disproporticmate  increase. 
Since  1898  there  had  been  a  much  larger  number  of  typhoid  cases 
reported  all  over  the  country,  owing  to  an  increased  knowledge  of  the 
disease,  resulting  from  the  lessons  of  the  war  with  Spain.  At  that 
time  the  attention  of  the  profession  generally  had  been  called  to  the 
diagnostic  procedure  in  typhoid  cases,  which  had  resulted  in  more 
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accurate  observations  and,  consequently,  more  typhoid  reports. 
This  explained  in  a  large  measure  the  increase  in  the  number  of  St. 
Louis  cases  since  1898.     (7054-7055.) 

The  witness  stated  that  typhoid  tables  should  contain  most,  if  not 
all,  of  the  so-called  ^'malariar'  deaths.  The  malarial  rat<e  shown  in 
Table  80  is  entirely  too  high  for  every  year,  and  the  probability  of 
these  being  actual  typhoid  cases  is  apparent.  As  an  example,  he 
noted  the  great  increase  in  typhoid  in  1890  to  1892  due  to  specific 
causes  and,  together  with  that,  the  concurrent  increase  in  so-called 
''  malarial'*  diseases.  During  that  period  there  was  no  reason,  accord- 
ing to  the  witness,  for  believing  that  malaria  should  rise  to  so  great  a 
height,  and  the  increase  was  undoubtedly  due  to  mistaken  diagnosis, 
the  cases  being  really  a  part  of  the  typhoid  epidemic.  In  addition  to 
this,  he  made  the  point  that  fatal  malaria  or  remittent  malaria  occurs 
rarely  above  the  latitude  of  Arkansas.  North  of  this  parallel  nearly 
all  the  malarial  cases  are  intermittent  and  almost  never  fatal.  There- 
fore the  impossibility  of  so  many  deaths  from  malaria  at  St.  Ix)uis 
was  evident;  they  must  have  been  from  typhoid  fever.  The  only 
city  in  the  United  States  showing  so  much  malaria  is  New  Orleans, 
where  conditions  for  the  encouragement  of  this  disease  are  extraordi- 
narily good  and  where  the  physicians  are  subject  to  the  same  diag- 
nostic errors  as  in  St.  Louis.  Statistics  and  his  own  experience  show 
that  50  to  90  per  cent  of  the  so-called  *^ malaria''  in  the  United  States 
is  really  typhoid,  and  only  2  or  3  per  cent  actually  malaria.  (7055- 
7059.) ' 

On  the  assumption  that  all  the  deaths  represented  in  Table  80  were 
typhoid,  there  was  no  marked  increase  in  any  one  year,  although  the 
total  had  gradually  increased  since  1898,  for  reasons  already  explained. 
With  reference  to  Table  79  (p.  241),  introduced  into  evidence  by  Pn>- 
fessor  Jordan,  showing  the  monthly  distribution  of  deaths  from 
typhoid  and  malarial  diseases,  the  witness  stated  that  it  showed  even 
more  clearly  the  proba])ility  that  the  most  of  the  so-called  "  malarial" 
diseases  were  actually  typhoid,  because  so  many  of  the  alleged 
malarial  deaths  occurred  during  January,  February,  March,  and  April. 
No  one,  in  the  o])mi()n  of  the  witness,  dies  of  malaria  in  the  latitude 
of  St.  Louis  during  those  months.  Even  in  the  Philippines  malaria 
is  not  fatal  throughout  the  j^ear.  The  circular  letters  sent  to  the 
physicians  of  St.  Louis  by  the  local  health  commissioner  in  1900  and 
1901,  calling  attention  to  the  fact  that  the  law  requires  them  to 
report  cases  of  deaths  from  typhoid,  would  explain  the  rise  that  had 
occurred  in  the  last  two  years.  These  circulars  were  issued  approxi- 
mately at  the  opening  of  the  Chicago  drainage  canal,  and  the  result 
would  make  it  appear  that  the  discharge  from  that  canal  was  respon- 
sible for  the  increase.     Nevertheless,  the  increase  was  not  as  great  as 
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might  be  expected,  and  considerably  less  than  had  been  found  to  take 
place  m  other  cities  in  which  similar  circulars  had  been  sent.  (7059- 
7063.) 

The  witness  considered  it  especially  significant  that  the  number  of 
recorded  deaths  from  malarial  diseases  should  have  decreased  as 
shown  by  the  death  table,  and  he  testified  strongly  to  the  effect  that 
the  errors  made  by  physicians  in  diagnosis  had  been  in  a  large  measure 
corrected  and  that  the  cases  formerly  charged  to  malarial  diseases 
were  now  to  some  extent  being  given  their  correct  designation. 
(7063.) 

Another  table  was  introduced  into  evidence,  showing  the  population 
and  deaths  per  100,000  of  typhoid  fever  alone  during  1890  to  1893, 
together  with  the  record  of  typhoid  fever,  plus  50  per  cent  of  the  deaths 
recorded  under  the  heading  "  intermittent  fever,'^  etc.,  and  of  '^  typhoid 
fever,"  plus  all  the  deaths  recorded  imder  that  headuig.  The  witness 
repeated  his  opinion  that  such  tables  showed  only  the  slight  increase 
that  woidd  be  ascribed  to  increased  care  in  diagnosis  rather  than  to 
any  outside  conditions.  One  of  the  most  serious  sources  of  typhoid 
fever  in  St.  Louis,  according  to  the  witness,  was  the  water  from  wells. 
(7064-7066.) 

The  following  appears  in  the  record,  page  7066: 

Q.  AsBuming  that  on  April  1, 1895,  the  total  number  of  wells  in  the  city  of  St.  Louis 
was  4,846,  and  assuming  that  pursuant  to  an  order  of  the  board  of  health  of  St.  Louis 
directing  an  examination  of  these  wells,  the  city  chemist,  after  examining  59  wells, 
condemned  them  as  unsanitary,  and  assume  further  that  in  August,  1895,  upon  the 
report  of  the  city  chemist,  condenming  7  more  of  these  walls,  the  lx)ard  of  health 
of  St.  Louis  passed  a  resolution  that  the  city  should  make  no  further  examination  of  the 
wells  in  question,  and  since  August,  1895,  none  of  these  wells  have  been  condemned, 
what  effect  would  this  number  of  wells  in  the  city  of  St.  Louis  have,  in  your  opinion, 
upon  the  typhoid  conditions  existing  in  said  city,  assuming  that  the  water  of  these  wells 
was  used  by  the  inhabitants  for  drinking  and  domestic  purposes? 

A.  It  would  be  a  very  serious  source  of  typhoid  fever. 

In  concluding  his  direct  testimony  the  witness  stated  his  opinion 
that  the  increase  in  typhoid  fever  indicates  rather  a  change  in  the 
conditions  of  the  city  of  St.  Louis  itself  rather  than  in  the  main 
water  supply.  If  the  main  water  supply  comes,  from  the  river,  a 
change  for  the  worse  in  the  conditions  of  the  river  water  is  always 
indicated  by  a  more  marked  increase  in  the  disease.  As  to  such  an 
increase  as  was  shown  here,  it  is  altogether  compatible  with  changing 
local  conditions,  such  as  wells,  and  the  ordinary  course  of  typhoid 
epidemics.     (7066-7067.) 

CROSS-EXAMINATION. 

The  witness  admitted,  in  response  to  leading  questions,  that  he 
had  never  practiced  medicine  in  St.  Louis,  and  that  the  only  investi- 
gations of  mortality  which  he  had  made  were  those  of  the  figures 
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submitted  to  hini,  including  a  study  of  the  publishe<l  reports.  While 
he  would  not  state  that  all  the  physicians  in  St.  Louis  were  not 
competent  to  make  a  distinction  between  typhoid  and  malaria,  he 
did  contend  that  a  large  number  did  not  make  correct  diagnoses. 
(7067-7070.) 

While  the  witness  admitted  that  the  records  for  tjrphoid-fever 
deaths  showed  during  the  four  years  prior  to  the  opening  of  the 
canal  an  average  of  22.8  per  100,000  and  during  the  four  years 
immediately  following  an  average  of  36  per  100,000,  indicating  an 
increase  of  about  74  per  cent,  this  was  not  what  he  would  call  a 
large  increase.  Although  it  would  be  an  increase  for  the  town  and 
from  the  standpoint  of  the  people  who  were  sick,  it  would  not  neces- 
sarily indicate  a  radical  difference  in  the  matter  of  infection.  WJwfe 
a  change  takes  place  in  the  method  of  infection  in  a  town  that 
always  has  typhoid,  the  change  is  nmch  greater  than  this,  ussally 
several  hundred  per  cent,  and  at  least  more  than  100  per  cent.  For 
exiunple,  a  difference  of  seventy-odd  per  cent  might  easily  occur  in  a 
place  like  Chicago  or  Philadelphia  and  mean  no  increase  in  the 
method  of  infection.     (7073-7077.) 

REDIRECT    EXAMINATION. 

On  redirect  examination  the  witness  objected  to  observations 
based  on  averages  for  the  entire  four  years  preceding  and  the  four 
years  succeeding  the  opening  of  the  canal  and  stated  that  the 
increase  did  not  occur  in  a  single  year,  but  was  spread  over  a  series 
of  years.  If  the  73  per  cent  had  occurred  between  1899  and  1900, 
it  would  be  his  opinion  that  there  must  be  a  new  focus  of  infection, 
but  inasmuch  as  it  was  spread  over  four  years,  and  the  ascent  was 
gradual,  he  adhered  to  his  statement  that  it  was  not  a  great  increase. 
A  correct  idea  of  the  increase  could  be  gained  only  by  calculating 
the  relationship  existing  between  each  year.  The  percentage  for  long 
periods  is  a  doubtful  one.  There  might  be  local  conditions  in  any 
one  year  that  would  offset  the  average  too  nmch.  In  all  such  speci- 
fications there  is  a  ver}'  serious  error,  depending  on  the  compara- 
tively limited  number  of  cases  considered.     (7077-7079.) 

The  witness  further  mentioned  the  fact  that  during  the  years 
1901,  1902,  and  1903  the  Louisiana  Purchase  Exposition  affected  the 
rate,  in  that  the  desire  was  to  maintain  a  low  record  of  typhoid  and 
the  tendency  was  therefore  to  report  typhoid  fever  by  some  other 
name,  so  that  the  increase  according  to  the  record  was  probably  not 
as  great  as  the  actual  increase.  (7058.)  This  was  conceded  by 
counsel.      (70SI.) 
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LEWELLYS  F.  BARKER. 


Lewellys  F.  Barker,  called  as  a  witness  on  behalf  of  the  defend- 
ants, stated  that  he  was  professor  of  anatomy  in  the  University  of 
Chicago,  and  had  been  in  charge  of  that  department  for  three  years. 
Previous  to  going  to  Chicago  he  was  for  nine  years  associated  with 
the  medical  faculty  of  Johns  Hopkins  University,  being  for  the  first 
year  assistant  to  Prof.  William  Osier  in  the  department  of  internal 
medicine,  for  the  next  two  years  a  fellow  in  pathology  and  bacte- 
riology with  Prof.  William  H.  Welch,  then  associate  in  anatomy 
with  Professor  Mall,  next  assistant  professor  of  anatomy,  and  finally 
associate  professor  of  pathology.  He  had  graduated  from  the  Uni- 
versity of  Toronto  and  had  served  one  year  as  house  physician  at 
the  Toronto  General  Hospital.  During  his  services  in  Baltimore  he 
was  on  leave  at  various  periods  studying  in  Germany  and  on  various 
coimnissions.  His  first  commission  was  one  established  by  the  State 
board  of  health  of  Maryland  when  he  and  Prof.  Simon  Flexner  were 
sent  to  study  an  epidemic  of  cerebro-spinal  meningitis.  In  1899  he 
and  Doctor  Flexner  were  sent  by  Johns  Hopkins  University  to 
study  tropical  diseases  in  the  Philippine  Islands  and  incidentally  the 
epidemics  of  plague  and  beriberi  in  Hongkong,  India,  and  Japan. 
While  in  Manila  he  had  abundant  opportunity  for  the  study  of 
t}^hoid  fever,  malaria,  and  acute  tropical  dj^sentery.  Subsequently 
he  was  appointed  by  the  Secretary  of  the  Treasury  on  a  conmiission 
with  Professor  Flexner,  of  the  University  of  Pennsylvania,  and  Pro- 
fessor Novy,  of  the  University  of  Michigan,  to  study  the  bubonic 
plague  in  San  Francisco.     (7082-7087.) 

The  witness  stated  that  the  terms  remittent,  intennittent,  typho- 
malarial,  congestive,  and  simple  continued  fevers  were  all  cUnical 
rather  than  pathological  and  date  back  to  the  time  when  classifica- 
tion of  diseases  had  to  be  made  by  symptomatology  rather  than  by 
pathology.  He  defined  the  various  terms  and  stated  that  they  had 
all  been  given  up  by  good  clinicians  at  the  present  time.  They  all 
represent  either  typhoid,  malaria,  or  acute  tuberculosis,  but  most 
often  they  represent  typhoid.     (7090.) 

The  witness  presented  the  St.  Ix)uis  statistics  covering  the  years 
1890  to  1902,  inclusive,  giving  deaths  in  which  the  cause  was  diag- 
nosed as  typhoid  fever  and  the  total  deaths  the  cause. of  which  was 
dia^osed  as  the  febrile  diseases  mentioned  in  the  preceding  para- 
graph. These  figures  are  given  in  Table  SO,  in  the  testimony  of 
Professor  Jordan  (p.  242).  He  then  introduced  another  table,  giv- 
ing the  St.  Ix)uis  death  rate  per  100,000,  covering  the  period  from 
lcS90  to  1893,  inclusive,  and  made  some  comparisons  with  similar 
statistics  for  Baltimore  from  1S99  to  1902,  inclusive.  In  discussing 
these  tables  he  stated  that  the  febrile  diseases  should  all  b^  included 
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under  typhoid,  although  some  of  them  might  have  been  acute  tuber- 
culosis. The  addition  to  the  number  of  deaths  from  typhoid  of  those 
from  the  febrile  diseases  mentioned  would  give,  in  the  opinion  of  the 
witness,  a  truer  typhoid  rate  than  any  other  statistics  available.  He 
stated  that  were  the  deaths  from  remittent,  intermittent,  typho- 
malarial  fevers,  etc.,  examined  by  skilled  clinicians  they  would  be 
definitely  diagnosed  as  specific  diseases.  Unless  physicians  are 
trained  in  the  most  modem  methods  of  diagnosis  it  is  extremely 
difficult  for  them  to  decide  between  cases  of  malaria  and  typhoid. 
(7091-7094.) 

The  most  important  clinical  test  for  typhoid  is  the  Widal  reaction 
or  agglutinative  test,  while  that  for  malaria  is  the  demonstration  of 
the  malarial  parasite  in  the  blood  or  tissue  of  the  patient  by  micro- 
scopic observations.     (7095.) 

The  witness  then  stated  that  it  was  absolutely  certain  that  if  the 
statistics  presented  by  the  St.  Louis  health  department  for  typhoid 
and  malarial  diseases  were  reliable,  there  had  been  no  increase  in  the 
typhoid  rate.  The  total  deaths  from  these  various  causes  run  along 
together  at  a  tolerably  constant  figure.  They  show  in  the  typhoid- 
fever  column  alone  a  well-marked  increase  during  the  years  1900  to 
1902,  inclusive.  They  also  show  a  marked  diminution  in  the  remit- 
tent and  intermittent  group,  and  there  had  evidently  been  a  transfer 
from  the  remittent  to  the  typhoid  column.  This  indicates  an  improve- 
ment in  the  diagnoses  of  the  practitioners  and  had  no  significance  so 
far  as  any  possible  increase  in  typhoid  was  concerned.     (7096-7097.) 

With  reference  to  the  distance  over  which  the  infection  of  typhoid 
fever  had  traveled  in  a  stream,  the  witness  stated  that  if  the  extreme 
statement  of  one  investigator  were  accepted,  the  distance  would  be 
70  to  75  miles,  but  that  assertion  had  not  met  with  general  acceptance. 
(7099.) 

In  his  opinion,  a  typhoid  bacillus  which  had  lain  in  the  sediment  of 
a  stream  for  a  period  in  excess  of  fifty  days  would  be  harmless  if 
taken  into  the  human  system.  The  germs  of  typhoid  fever  entering 
Desplaines  River  from  the  Chicago  drainage  canal  would  not  be  a 
menace  to  the  citizens  of  St.  Louis  after  passing  through  the  rivers 
intervening  between  Lockport  and  the  intake  tower  at  Chain  of 
Rocks.  He  further  stated  that  there  was  no  evidence  that  would 
make  it  seer©  ])robable  that  the  sewage  and  other  matter  entering 
Illinois  River  below  lockport  would  prolong  the  life  of  such  disease 
germs.  In  his  opinion  the  introduction  of  the  organic  matter  from 
the  stock  yards  and  distilleries  of  Peoria  woidd  favor  the  disappear- 
ance of  those  organisms.  He  then  rendered  a  similar  opinion  with 
reference  to  the  specific  germs  of  Asiatic  cholera,  tetanus,  anthrax, 
and  other  water-borne  diseases.      (7100-7102.) 

The  witness  stated  that  the  probable  life  of  ty])hoid  bacilli  intnv 
duced  into  the  drainage  canal  was  from  five  to  seven  days.     (7103.) 
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The  death  rate  from  typhoid  fever  in  St.  I^ouis,  compared  with  that 
for  many  other  American  cities,  di)es  not  intUcate  the  use  of  an  exces- 
sively polluted  water  supply.     (7104.) 

The  important  probable  sources  of  infection  of  the  St.  Ijouis  water 
supply,  according  to  the  witness,  are  those  places  within  a  mean  flow 
of  five  to  seven  days  from  the  Chain  of  Rocks  intake,  and  the  proba- 
bility of  infection  from  distances  recjuiring  more  than  twelve  tlays 
would  be  remote.     (7108.) 

The  cross-examination  brought  out  no  important  new  facts. 

VICTOR  C.  VAUGHAN. 

Victor  C.  Yaughan,  called  as  a  witness  on  behalf  of  the  defendants, 
stated  that  he  w^as  a  physician  and  teacher  in  Ann  Arbor,  Mich.,  and 
had  been  connected  with  the  University  of  Michigan  since  1876.  lie 
had  graduated  from  that  Universitj^  in  1875  and  received  his  medical 
degree  there  in  1878.  He  had  made  a  specialty  of  hygiene  and  phys- 
iology and  had  studied  with  Dr.  Robert  Koch,  in  the  University  of 
Berlin.  lie  was  at  the  time  of  his  testimcmy  serving  his  third  term  as 
a  member  of  the  Michigan  State  board  of  health  and  had  been  called 
on  fre<iuently  to  examine  into  epidemics  in  the  State.  In  1898  he 
was  appoint^^d  by  the  President  of  the  United  States  on  a  special 
commission,  consisting  of  Maj.  Walter  Reed,  Major  Shakespeare,  and 
the  witness,  to  investigate  the  spread  of  typhoid  fever  in  mditary 
camps.  He  had  investigated  typhoid  fever  in  Camps  Alger,  Fernan- 
dina,  Jacksonville,  Huntsville,  Chattanooga,  Knoxville,  and  Meade, 
and  during  that  experience  had  examined  probably  4,000  or  5,000 
cases  of  typhoid  fever.  As  a  member  of  this  commission  he  had  been 
engaged  practically  ever  since  in  writing  up  the  statistics  and  studying 
the  spread  of  typhoid  fever,  and  had  extensive  experience  both  in  the 
laboratory  and  on  the  clinical  side  of  the  disease.     (7313-7315.) 

The  witness  then  defined  typhoid,  malarial,  intermittent,  remit- 
tent, typho-malarial,  congestive,  and  simple  continued  fevers,  and 
stated  that  all  except  the  first  two  were  not  distinct  types  of  disease 
and  almost  without  exception  should  be  interpreted  in  the  vital-statis- 
tics reports  as  true  typhoid.  Reviewing  the  number  of  deaths  reported 
from  typhoid  fever  and  from  the  other  febrile  diseases  mentioned 
in  St.  Ix)uis  from  1890  to  1903,  inclusive,  he  stated  that  the  typhoid 
rate  was  undoubtedly  too  low  and  the  malarial-fever  rate  too  high. 
Ilis  experience  had  shown  that  malaria  is  not  a  common  disease  in 
Missouri  or  in  that  section  ot  the  country  and  that  death  from  it  is 
exceedingly  rare — so  rare,  in  fact,  that  it  practically  does  not  occur. 
He  based  his  statement  on  his  investigations  in  connection  wnth  the 
Army  Medical  Commission.  Missouri  sent  six  regiments  to  the  Span- 
ish-American war  in  1898,  and  a  careful  study  of  the  records  ot  all 
these  regiments  showed  that,  although  in  some  of  them  many  cases  of 
malarial  fever  were  diagnosed,  these  were  not  malarial  cases  but 
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typhoid  fever.  One  of  these  regiments  was  quartered  at  Jefferson 
Barracks,  practically  a  part  of  St.  Ix)uis,  until  July,  1898.  While 
malaria  was  frequently  report-ed  by  the  medical  officers  in  charge, 
more  careful  examination  showed  that  there  were  no  such  cases.  The 
Sixth  Missouri  regiment  developed  286  cases  of  typhoid  fever,  from 
which  19  deaths  resulted.  This  regiment  was  stationed  at  Jefferson 
Barracks  until  early  in  August.  It  then  went  to  Jacksonville,  Fla., 
where  the  cases  were  studied  by  the  Medical  Commission,  and  from 
the  records  of  this  and  other  regiments  it  was  developed  that  96  per 
c^nt  of  the  cases  diagnosed  as  malaria  were  true  typhoid.  In  connec- 
tion with  tliis,  the  witness  stated  that  he  was  bom  and  reared  in  Mis- 
souri and  returned  to  that  State  every  year.  He  knew  something  of 
the  malarial  and  typhoid  conditions  there,  and  felt  convinced  that 
malaria  was  a  rare  disease  throughout  the  State  and  that  practically  all 
the  reported  cases  were  true  typhoid.  In  connection  with  such  erro- 
neous reports,  the  witness  stated  that  many  of  the  physicians  were 
honestly  misled.  Typhoid  fever,  in  its  earliest  stages,  is  often  a  remit- 
tent disease;  that  is,  fever  persists  for  a  few  hours  and  then  the 
temperature  is  reduced  to  normal  for  a  short  period.  These  condi- 
tions would  easily  mislead  a  physician  who  was  not  accustomed  to 
resort  to  modem  diagnostic  methods.  He  further  stated  that  phjsi- 
cians  are  frequently  actuated  by  policy  in  pronouncing  a  disease  as 
malaria  when  they  are  certain  that  it  is  typhoid,  principally  for  the 
purpose  of  allaying  the  fears  of  their  parents.  In  no  city  in  the  United 
States  are  there  so  many  deaths  from  malarial  diseases  as  are  reported 
from  St.  Louis,  and  while  some  of  the  cases  may  not  have  been  typhoid 
fever,  the  inclusion  of  them  all  in  the  typhoid  rate  would  not  introduce 
any  significant  or  material  errors.     (7315-7320.) 

The  witness  then  examined  the  monthly  distribution  of  deaths  dur- 
ing the  years  1895  to  1903,  inclusive,  from  typhoid  fever  and  from  the 
other  malarial  diseases  noted,  and  stated  that  without  knowing  any- 
thing of  Uie  local  conditions  of  St.  Louis  and  simply  as  a  student  of 
epidemiology,  he  would  say  that  the  probabilities  are  that  the  typhoid 
fever  in  St.  Louis  was  due  to  local  causes  rather  than  to  any  infection 
of  the  general  water  supply.  His  reason  for  this  was  the  even  dis- 
tribution of  the  deaths  throughout  the  months  of  each  year,  whereas, 
in  his  opinion,  an  infection  of  the  general  water  supply  would  result  in 
explosive  outbreaks.     (7320-7322.) 

Considering  the  figures  resulting  from  an  addition  of  the  deaths 
re])orted  from  typhoid  and  those  reported  as  being  due  to  malarial 
diseases,  the  witness  stated  that  for  1890  to  1899,  inclusive,  there  is  a 
total  of  3,708  deaths,  equivalent  to  an  average  rate  per  year  of  370. 
In  the  four  years  since  1899,  or  after  the  opening  of  the  Chicago  drain- 
age canal,  the  total  deaths  were  1,261,  or  an  average  of  315  per  year, 
slunving  that  the  rate  was  greater  previous  to  the  opening  of  the  canal 
than  subsequent  thereto.     He  further  stated  that  the  situation  would 
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be  reversed  if  the  epidemic  years  of  1892  and  1893  were  left  out  of  tl^e 
first  total.  Comparing  the  typhoid-fever  rates  in  St.  I^)uis  with 
those  in  other  cities,  notably  New  York,  Minneapolis,  Piiiladelphia, 
Richmond,  Buffalo,  Albany,  and  Cleveland,  he  called  attention  to  the 
fact  that  there  had  been  an  increase  in  all  of  these  cities  and  that  St. 
Louis  had  not  occupied  a  different  position  in  this  respect  from  that  of 
man)'  other  places.  He  attributed  this  to  the  fact  that  typhoid  fever 
has  l>een  more  widely  disseminated  over  the  country,  having  been,  in 
his  opinion,  spread  from  the  army  camps  in  1898.     (7323-7326.) 

That  part  of  Table  1  showing  the  typhoid  death  rat^  per  10(),()()()  in 
St.  Louis  was  then  presented  to  the  witness,  who  stated  that  it  did  not 
indicate  an  epidemic  of  typhoid  fever,  inasmuch  as  in  such  an  epidemic 
the  increase  ranges  from  100  to  400  per  cent  and  sometimes  more. 
The  increase  shown  was  such  as  might  be  expected  to  be  due  to  local 
conditions,  especially  if  wells  were  getting  more  and  more  filthy  and 
were  not  condemned.     (7326-7328.) 

The  charts  presented  in  t^e  testimony  of  Professor  Mason  did  not, 
according  to  the  witness,  show  any  causal  relaticm  l)etween  typhoid 
fever  in  Chicago  and  that  in  St.  Louis.     (7328.) 

The  w  itness  then  stated  that  he  would  look  for  the  cause  of  increased 
tj'phoid  in  St.  Ijouis  in  the  local  conditions.  It  is  a  wlioUy  erroneous 
assumption  that  typhoid  is  carried  altogether  by  means  of  drinking 
water,  and  in  illustration  ot  this  he  exhibited  a  chart  based  on  the  rec- 
ord of  the  Fifteenth  Minnesota  regiment,  which  was  in  camp  on  the 
fair  grounds  at  St.  Paul  and  at  Fort  Snelling,  Minn.  All  of  the  men 
were  supplied  with  water  from  a  common  source,  yet  some  companies 
remained  practically  free  from  typhoid  while  others  were  largely 
affected.  The  transferrence  of  the  infectiim  was  due,  in  the  opinion 
of  the  witness,  to  direct  contact  from  person  to  person,  infection  of 
tents,  clothing,  bedding,  etc.  The  condition  was  comparable  to  that 
in  crowded  cities.     (7328-7329.) 

The  witness  could  see  no  evidence  from  the  tjT)hoid  statistics  that 
the  Chicago  drainage  canal  had  anything  to  do  with  typhoid  fever  in 
St.  Louis.  In  the  first  place,  the  distributicm  of  the  disease  in  St. 
Louis  is  indicative  of  local  contamination  and  spreading  by  contact 
rather  than  by  any  general  infection  of  the  water.  Second,  there  are 
certain  cities  in  which  the  increase  in  typhoid  fever  has  been  more 
marked  than  in  St.  Louis,  notably,  Buffalo,  from  which  the  Chicago 
drainage  has  been  turned  away.     (7329.) 

The  cross-examination  brought  out  no  new  facts. 

WILLIAM  S.  THAYER. 

William  S.  Thayer,  called  as  a  witness  in  behalf  of  the  defendants, 
stated  that  he  was  a  physician  graduated  from  Harvard  Medical  School 
in  1889.     After  graduation  he  had  spent  a  year  as  house  j)hysician  at 
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the  Massachusetts  General  Hospital,  had  studied  for  a  year  in  Berlin 
and  Vienna,  and  then  had  taken  the  position  of  assistant  resident  phy- 
sician in  Johns  Hopkins  Hospital  at  Baltimore.  He  was  later 
appointed  assistant  professor  of  medicine  in  the  university,  had  pur- 
sued further  studies  in  Europe,  and  was  at  the  time  of  testimony  one 
of  the  physicians  in  chief  at  Johns  Hopkins  Hospital  Dispensary  and 
visiting  physician  at  the  Union  Protestant  Infirmary. 

The  testimony  of  the  witness  was  mainly  corroborative  of  that 
given  by  Professors  Dock,  Vaughan,  and  Barker — ^namely,  that  the 
records  of  deaths  from  typhoid  fever  in  St  Louis  do  not  constitute  a 
satisfactory  statement  of  the  case,  because  the  deaths  recorded  as 
being  due  to  remittent,  intermittent,  typho-malarial,  and  other  febrile 
diseases  should  be  included  in  the  typhoid  column,  and  if  such  addi- 
tion were  made  no  increase  in  typhoid  fever  in  St .  Louis  would  be 
shown  over  and  above  that  which  might  well  be  accounted  for  by 
natural  causes  and  would  be  comparable  with  that  in  other  cities; 
further,  that  no  relation  appeared  between  the  fluctuations  and 
typhoid  deaths  in  Chicago  and  those  in  St.  Louis.     (7465-750  L) 

JOHN  W.  HILL. 

John  W.  Hill,  a  witness  called  on  behalf  of  the  defendants,  stated 
that  he  was  an  hydraulic  engineer,  at  that  time  engaged  as  chief  engi- 
neer of  the  bureau  of  filtration  of  Philadelphia,  which  was  conducting 
the  improvement  of  the  water  supply  of  that  city  by  filtration  of  the 
water  from  Delaware  and  Schuylkill  rivers,  the  sources  of  public  water 
supply.  This  work  embraced  the  filtration  of  320,000,000  gallons  of 
water  per  day  and  a  general  reorganization  of  the  distribution  system, 
at  a  total  cost  of  about  $26,000,000.  The  witness  stated  that  he  first 
engaged  in  the  planning  and  building  of  waterworks  about  thirty-two 
years  previous  to  the  date  of  testimony,  and  from  that  time  on  infor- 
mation concerning  the  hygienic  quality  of  water  supplies  had  always 
been  an  essential  part  of  his  work.  He  had  been  associated  with 
about  60  such  projects,  looking  either  to  the  general  construction  or 
improvement  of  municipal  waterworks.  Wherever  his  engineering 
association  with  water-supply  development  had  concerned  the  ques- 
tion of  quality  of  water,  investigations  had  been  made  to  determine 
the  desirability  of  available  sources.  Prior  to  his  Philadelphia  engage- 
ment his  principal  work  of  this  kind  had  been  for  the  city  of  Cincinnati, 
where  he  was  chairman  of  the  original  board  of  engineers  that  made  an 
investigation  and  furnished  the  plans  on  which  the  present  improve- 
ments in  that  city  are  being  constructed.  He  had  also  engaged  in 
engineering  along  Ohio  River  at  Parkersburg,  W.  Va.,  and  Madison- 
ville  and  JefFersonville,  Ind.,  the  purpose  being  to  detennine  the 
desirability  of  drawing  water  from  Ohio  River  for  drinking  and  other 
domestic  purposes.     He  then  gave  an  extended  list  of  other  cities  in 
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which  he  had  made  mvestigations  concerning  the  dasirability  of 
streams  as  sources  of  public  water  supply.  Aside  from  purely  engi- 
neering investigations  of  drainage  basins  where  rivers  or  ponds  had 
been  the  sources  of  public  supply,  he  had  taken  up  the  subject  of  bac- 
teriology and  attempted  to  qualify  himself  as  an  amateur  in  this  line, 
not  with  a  view  of  practicing  the  science  as  a  profession,  but  to  gain 
information  as  to  the  bacteriological  condition  of  water  supplies,  with 
which,  as  an  engineer,  he  would  be  required  to  deal.  He  had  also 
studied  the  chemistry  of  water  with  the  same  purpose  in  view.  (7502- 
7505.) 

He  had  investigated  typhoid-fever  epidemics  at  Eaton,  Ohio,  and  in 
the  Cumberland  Mountain  region  of  Kentucky,  both  as  a  part  of  invest- 
tigations  looking  to  the  improvement  of  the  water  supply  of  Cincinnati. 
He  had  also  studied  the  records  of  all  important  typhoid  epidemics 
that  had  been  reported,  as  well  as  of  certain  cholera  epidemics  in 
Europe  and  in  this  coimtry.     (7505-7506.) 

The  witness  professed  to  have  examined  and  studied  the  analytical 
data  concerning  the  waters  of  Lake  Michigan,  the  Chicago  drainage 
canal,  and  Desplaines,  Hlinois,  Mississippi,  and  Missouri  rivers,  pre- 
sented in  evidence  of  behalf  of  the  defendants  by  Professors  Jordan, 
Palmer,  Burrill,  and  Long.  He  also  professed  acquaintance  with  the 
natural  features  of  the  above-named  bodies  of  water  so  far  as  they  are 
represented  in  published  documents  and  in  hydrographic  maps  pub- 
lished by  the  United  States  Government  and  the  city  of  Chicago.  He 
had  not  made  a  personal  examination  of  the  drainage  canal,  nor  of  the 
Illinois  River,  except  in  the  region  of  Peoria,  where  during  1882  he 
was  employed  on  the  Peoria  waterworks.     (7506-7507.) 

With  reference  to  Bacillus  prodigiosus  and  its  occurrence,  the 
witness  believed  he  had  found  it  twice  in  investigations  of  Ohio 
River  water  during  1895  and  1896.  He  had  also  made  experiments 
on  the  longevity  of  the  typhoid  bacillus  in  1895,  working  with  ster- 
ilized and  unsterilized  Ohio  River  water.  These  experiments  indi- 
cated that  the  typhoid  organism  would  grow  in  sterilized  water  with- 
out apparent  reduction  in  virility  for  sixty  days  at  least.  The 
unsterilized  water,  however,  gave  negative  results,  as  he  was  never 
able  to  find  the  germ  after  the  first  inoculation.  He  ascribed  this 
not  to  the  disappearance  of  the  organism  after  such  inoculation,  but 
to  his  inability  to  isolate  it  in  culture  media.  In  connection  with 
the  work  in  Philadelphia  he  had  caused  experiments  to  be  made  with 
a  view  to  determining  what,  if  any,  influence  the  amount  of  chlorine 
in  Delaware  River  water  might  have  on  the  longevity  of  the  typhoid 
organism.  Concentrations  of  chlorine  in  water  varying  from  25  to  300 
parts  per  million  were  used,  and  the  fact  was  revealed  that  the  amount 
of  salt  in  Delaware  River  water  had  little  or  no  influence  on  the 
longevity  of  either  the  typhoid  or  the  colon  bacillus  and  that  their 
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life  was  limited  to  a  period  varying  from  five  to  eight  days  under  th 
most  favorable  conditions.  It  was  also  revealed  that  the  colon  bacil 
lus  would  live  longer  than  the  typhoid  organism  in  unst^rilize^ 
Delaware  River  water  with  varying  degrees  of  salt  concentratioii 
These  experiments  were  made  because  of  the  probability  of  an  in 
crease  of  chlorine  content  in  the  water  of  the  Delaware  to  50  part 
per  million  at  a  time  when  the  city  of  Philadelphia  would  be  drawing 
350,000,000  gallons  per  day  for  the  city  supply,  the  excess  of  chlorin 
being  due  to  the  influx  of  tidal  water  coming  up  the  river  from  Dela 
ware  Bay.     (7508-7510.) 

Tables  88  and  89  were  then  introduced,  giving  the  results  of  th 
above  investigation.     (7512-7513.) 

In  the  opinion  of  the  witness  the  above  experiments  afforded  dat 
on  which  to  base  an  opinion  concerning  the  longevity  of  the  typhoid 
organism  in  polluted  river  water.  In  the  absence  of  information  t 
the  contrary  he  would  assume  that  the  longevity  of  such  organism 
in  lake  or  river  water  where  sewage  pollution  was  no  less  than  L 
Delaware  River  above  Philadelphia  would  be  substantially  the  sani 
as  that  found  by  him  in  these  experiments.  He  gave  this  opinio] 
mindful  of  the  fact  that  the  temperature  of  incubation  doubtles 
would  be  the  same  for  unsterilized  as  for  sterilized  water  taken  froc 
any  other  suspected  source  of  supply.  In  estimating  the  lon^vit; 
of  these  organisms  collected  at  some  other  point  or  from  some  othe 
streams  or  source  of  water  supply  he  would  be  governed  by  th 
results  of  the  tests  made  on  Delaware  and  Schuylkill  river  waters,  an* 
he  would  feel  safe  in  expressing  an  opinion  fn>m  such  data  that  tb 
organism  would  certainly  not  live  longer  in  imsterilized  than  it  did  L 
sterilized  water,  and  would  probably  have  a  shorter  life  histon 
He  would  ex|>ect  that  its  life  in  unsterilized  water  would  certain! 
W  no  longer  and  pri>bably  less  than  eight  days.  He  regarded  tb 
amditions  of  the  lalwratory  tests  usually  made  as  more  favorabl 
to  the  gri>wth  or  the  persistence  of  the  tA*phoid  organism  than  natura 
conditions,  owing  to  the  fact  that  a  constant  temperature  is  main 
tainod  in  the  flasks  in  which  incubation  is  carried  on  and  all  othe 
iHMuUtions  conducive  to  the  prt^sor\^ation  of  the  life  of  the  organisn 
art^  gi^nerally  oIvs^tv^hI.  He  wouKl  estimate  the  life  of  the  typhow 
onranism  in  a  s<^wai:^^|H^lluteil  river  water  as  from  five  to  eif^t  days 
T!io  docnv  of  jH^llution  wouK!  have  an  im^H^rtant  effect.  He  assumed 
as  a  :^M\cn*I  pr\*|H>sitivni  tl,at  rivers  whvrp  they  are  used  as  si>urces  o 
;v,;b:io  supply,  like  :!,e  lVIa\>an\  Shuylkill.  Merrimac,  Iludsob 
M  Ns^^\:r;.  or  M'>siss'ppi,  ^lo  noi  vi  rvr  u^uly  with  reference  to  sewaf9 
>  \..:vv..  w-.  vV.  is  :v.o:^^  t^.Ttv.-^*  *r.  >v^r..e  cases  and  at  s»>me  point 
:'  A",  •':  »::.or^,  *^*:t  rt\or!'.t^v>  :*>rt*  :s  a  it-^t'iuM  [H^Uution  in  al 
:    : -*-  ^:r\-di  ">  :  ■  ,h:  \\  '*,■,*  t  :',h\o  s  ;"o  r  ^xi  ryv.^:  influence  on  the  loq 
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The  witness  stated  that  from  such  information  as  he  had  gathered 
concernincr  the  bacteriological  and  chemical  characteristics  of  the 
water  of  Illinois  River,  as  disclosed  by  the  data  presented  in  evi- 
dence, and  concerning  the  physical  conditions  with  reference  to 
slope  and  slack-water  pools  in  the  river  at  different  points,  he  would 
not  ex]>ect  a  greater  longevity  of  the  typhoid  organism  in  Illinois 
River  than  he  had  found  to  be  the  case  in  Schuylkill  and  Delaware 
rivers.  The  dams  erected  across  Illinois  Rivet*  create  important 
opportunities  for  sedimentation.  Each  pool  acts  very  much  like  a 
sedimentation  basin  operated  on  the  so-called  continuous  plan. 
Flood  conditions  that  take  the  river  out  of  its  channel  in  many 
places  increase  the  opportunities  for  sedimentation,  to  the  advantage 
of  the  purity  of  the  water.  The  witness  wa^  certain  that  800,000 
cubic  feet  of  Lake  Michigan  water  per  minute  carried  into  Illinois 
River  through  the  drainage  canal  would  not  so  increase  the  rate  of 
flow  as  to  imp)ede  sedimentation  to  any  marked  extent.  On  the 
other  hand,  the  dilution  caused  by  such  influx  should  mean  a  purer 
water  in  Illinois  River,  because,  first,  it  would  increase  self-purifi- 
cation in  a  mechanical  way  by  increasing  the  volume  of  flow  and 
reducing  the  percentage  of  pollution ;  second,  it  would  increase  the  rate 
of  oxidation  by  adding  to  the  polluted  water  a  water  containing  large 
amounts  of  dissolved  oxygen.  The  danger  of  infection  to  persons 
drinking  pcJluted  water  is  really  diminished  by  dilution,  because  the 
percentage  degree  of  pollution  when  referred  to  the  total  volume  of 
water,  flowing  is  reduced.  The  dilution  of  the  sewage-polluted  water 
would  act  exactly  in  the  same  manner  as  the  dilution  of  a  poison,  and 
if  dilution  is  increased  the  pollution  may  finally  be  reduced  to  so 
small  an  amount  as  to  eliminate  all  danger.  Therefore,  the  purer 
water  diverted  from  Lake  Michigan  into  Illinois  River  should  improve 
the  quality  of  the  latter  in  proportion  to  the  relative  volumes. 
(7517-7522.) 

Being  asked  whether  the  addition  of  Lake  Michigan  water  to  the 
sewage  of  Chicago  draining  into  Illinois  River  is  a  detriment  or  a 
benefit  to  the  sanitary  condition  of  the  river  water  considered  from 
the  standpoint  of  chemical  and  bacterial  changes,  the  witness  stated 
that  in  general  a  comparison  of  the  data  for  the  four  summer  months 
of  1899  and  1900  indicated  that  the  condition  of  the  river  below  Peoria 
was  better  at  the  latter  period.  The  nitrites  decreased  and  the 
nitrates  increased,  showing  that  self-purification  was  progressing 
in  greater  degree.  In  giving  this  answer  the  witness  stated  that  some 
account  must  be  taken  of  the  difference  in  stream  flow  for  the  two 
years,  but  that  although  the  evidence  of  Jacob  A.  Harman  shows  that 
the  flow  was  greater  for  1900  than  for  1899,  nevertheless,  some  of 
the  chemical  conditions  indicate  better  purification  in  1900,  and  it 
does  not  appear  that  the  addition  of  the  Chicago  sewage  has  injured 
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the  quality  of  the  water  below  Peoria.  Such  addition  would  undoubt- 
edly increase  the  current  and  to  some  extent  the  time  required  for 
sedimentation.  Whenever  the  increased  volume  is  suflBcient  to  over- 
flow the  banks  it  might  have  the  opposite  effect,  by  reason  of  the 
large  degree  of  sedimentation  that  would  take  place  over  the  bottom 
lands.  The  chief  factor  governing  the  case  is  the  mean  velocity  of 
flow  before  and  after  the  opening  of  the  canal.  Sedimentation  and 
oxidation  of  organfc  matter  are  favored  by  low  surface  slope  of  the 
channel,  and  the  purification  depends  on  the  time  and  the  distance; 
in  two  cases  where  the  distances  were  the  same  and  the  time  of  flow 
greater  for  one  than  for  the  other,  the  self-purification  would  be  most 
extensive  in  tl^e  stream  having  the  slowest  flow.     (7522-7523.) 

The  witness  then  introduced  a  series  of  tables  showing  the  variation 
in  bacteria,  suspended  matter,  total  solids,  oxygen  consumed,  nitrites, 
nitrates,  and  chlorine  at  various  sampling  points  along  the  water 
course  for  the  years  1899  and  1900  and  interpreted  the  tables  as  show- 
ing the  following  results: 

1.  An  increase  in  the  bacterial  content  of  the  water  in  Dlinois  River 
from  Havana  to  Grafton. 

2.  A  decrease  in  the  suspended  matter  from  Wesley  to  Chain  of 
Rocks  at  about  one-fourth  the  distance  from  the  Missouri  shore. 

3.  An  increase  in  total  solids  from  Chicago  to  Grafton. 

4.  A  reduction  in  total  solids  from  Mississippi  River  af  Grafton  to 
Chain  of  Rocks  at  one-fourth  the  distance  from  the  Missouri  shore. 

5.  An  increase  in  the  total  solids  from  the  Missouri  shore  of  Missis- 
sippi River  at  Alton  to  the  Missouri  shore  at  the  St.  Louis  waterworks. 

6.  A  reduction  of  total  solids  in  Missouri  River  at  Fort  Bellefon- 
taine. 

7.  With  two  exceptions  a  material  reduction  in  the  total  oxygen 
consumed,  which  in  the  opinion  of  the  witness  is  significant  as  indicat- 
ing self-purification  by  natural  processes  during  stream  flow  past  the 
32  sampling  stations  named. 

8.  An  increast^  in  the  total  oxygen  consumed  in  Sangamon  River, 
but  a  decrease  at  all  other  stations. 

The  nitrites  and  nitrates  in  the  witness's  opinion  are  always  signifi- 
cant factors  in  sliowing  changes  taking  place  in  the  quality  of  polluted 
waters.  The  nitrites  should  diminish  as  the  water  is  reduced  in  sew- 
age pollution  and  the  nitrates  should  increase.  With  the  exception 
of  four  stations — namely,  Desplaines  River  at  Joliet,  Kankakee  River 
at  Bloomington,  Illinois  River,  at  Morris,  and  Sangamon  River  at 
Chandlerville — the  nitrites  are  largely  decreased.  With  the  excep- 
tion of  nine  stations — namely,  the  Illinois  and  Michigan  Canal  at 
Bridgeport,  at  Ijockport,  and  at  La  Salle,  Desplaines  River  at  Lock- 
port,  Fox  River  at  Ottawa,  Illinois  River  at  Ottawa,  at  La  Salle,  at 
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Henry,  and  at  Averyville — there  is  everywhere  a  marked  increase  in 
the  nitrates.  Therefore,  if  the  witness  were  apply inj^  the  information 
to  the  work  of  filtration  he  would  have  no  hesitation  in  claimin«j  the 
same  degree  of  purification  by  the  filters  as  is  here  shown  in  the  canal 
and  river.  In  view  of  all  the  data,  and  particularly  those  relating  to 
the  total  oxygen  consumed  and  the  nitrates  and  nitrites,  the  witness 
considered  that  the  condition  of  the  water  flowing  in  the  stream  at 
Grafton  had  been  improved.  Basing  his  opinion  on  the  technical 
(lata  collected  for  the  purposes  of  this  investigation  he  did  not  think 
that  the  sewage  of  Chicago  in  its  original  condition  is  manifested  in  the 
water  of  Illinois  River  at  Grafton,  nor  did  he  think  that  infected 
material  from  the  sewers  of  Chicago  would  pass  down  to  St.  I^ouis, 
because  of  conditions  of  low  water  in  Missouri  River  and  high  water  in 
niinois  River.     (7525-7530.) 

In  the  light  of  the  information  presented  by  the  experimental  work 
in  this  case  the  witness  would  not  exj>ect  a  typhoid  organism  intro- 
duced into  Illinois  River  through  the  Chicago  drainage  canal  to  pass 
the  entire  length  of  the  stream.  On  the  contrary,  he  would  expect  it 
to  perish  somewhere  in  transit  before  it  reached  Peoria,  the  evident 
reduction  of  organic  matter  in  the  river  between  the  point  of  dis- 
charge into  the  canal  and  Peoria  being  the  basis  of  this  opinion. 
(7532.) 

Referring  lo  the  statement  made  in  the  testimony  on  behalf  of  the 
plaintiff  that  in  spite  of  the  fact  that  the  reservoir  at  Covington, 
Ky.,  was  suflBciently  large  to  furnish  a  thirty  days'  supply  for  the 
^^^Jr  typhoid  was  prevalent  there,  the  witness  said  that  he  did  not 
believe  that  the  conditions  w^ould  justify  such  an  assumption,  because 
a  large  part  of  the  people  of  Covington  do  business  or  are  otherwise 
engaged  daily  in  Cincinnati,  and  investigations  of  the  typhoid-fever 
rates  in  Covington,  Newport,  and  Cincinnati  from  1890  to  1896  gave 
satisfactory  evidence  to  his  mind  that  the  larger  part  of  the  typhoid 
fever  in  the  Kentucky  cities  mentioned  is  chargeable  to  Cincinnati 
water.  Notwithstanding  this  the  rate  in  Covington  was  less  than 
that  in  Cincinnati,  as  shown  by  the  following  statement  of  deaths  per 
100,000  of  population: 

Table  90. —  Typhoid  deaths  per  100,000  population  in  Cincinnati  and  Covington,,  1S90  to 

1896. 


Year. 

Oincin-  1 
naii.     1 

1880 

r»7 

1»1 

02 

1W2 

40 

vm.. 

43 

1»4 

.■|() 

1                    1 

Coving- 
ton. 

Yoar. 

Cincin- 
nati. 

Coving- 
ton. 

43 

iH<>r>. 

3(i      i 

27 

4.') 
4() 
27 
42 

is<Mi. 

48 

32 

Avcrago 

A%  4 

30.3 
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The  witness  did  not  believe  that  all  the  Covington  typhoid  was  due 
to  Cincimiati  water,  but  asserted  that  a  large  part  of  it  undoubtedly 
did  arise  from  that  cause.  In  Covington  a  considerable  amount  of 
water  is  obtained  from  old-fashioned  dug  wells,  many  of  which  are 
undoubtedly  polluted.     (7533-7536.) 

In  the  interpretation  of  typhoid  statistics  the  witness's  preference 
was  for  the  statement  of  cases  based  on  the  unit  of  100,000  population 
rather  than  on  the  mortality  percentage,  the  reasons  being  similar  to 
those  cited  in  connection  with  testimony  previously  reported  herein 
(p.  254).     (7537.) 

The  witness  stated  that  the  liability  of  infection  of  rivers  is  not  so 
great  from  rural  as  from  urban  populations.  In  rural  pollution  the 
element  of  time  is  important,  and  it  had  been  shown  by  the  experience 
of  numerous  cities  that  such  pollution  may  cause  epidemics.  (7537- 
7539.) 

From  a  bacteriological  point  of  view  the  water  of  Illinois  River  at 
Grafton  is  decidedly  l)etter  than  that  of  Missiouri  River  at  Fort  Belle- 
font  aine.  The  same  statement  may  be  made  if  based  on  the  amount 
of  suspended  matter,  total  solids,  nitrates,  nitrites,  and  chlorine. 
(7542.) 

The  witness  tlien  presented  a  table  showing  the  relative  areas  of  the 
drainage  basins  of  Illinois  River,  of  the  Mississippi  above  the  mouth  of 
the  Illinois,  and  of  the  Missouri  above  its  confluence  with  the  Missis- 
sippi. On  the  assumption  that  the  mean  rainfall  would  be  the  same 
over  the  combined  drainage  areas,  and  all  consideration  of  the  flow  of 
the  Chicago  drainage  canal  being  omitted,  of  each  100  gallons  of  water 
flowing  in  Mississippi  River  opposite  Chain  of  Rocks,  75 J  gallons 
would  come  from  Missouri  River,  20J  from  Mississippi  River,  and  4f 
from  Illinois  River.  As  a  matter  of  fact,  however,  the  mean  rainfall 
over  the  Missouri  River  drainage  area  is  not  so  great  as  that  over  either 
of  the  other  two  basins,  and  this  being  considered  it  is  probable  that 
the  total  flow  opposite  St.  Louis  would  be  70  per  cent  Missouri,  20  to 
22  per  cent  Mississippi,  and  6  to  7  per  cent  Illinois  water.  Carrying 
out  these  computations  and  considering  the  added  flow  from  the 
Chicago  drainage  canal,  the  witness  stated  that  on  the  basis  of  a  uni- 
form rainfall  over  the  entire  area  of  the  three  rivers  20  per  cent  of  the 
water  flowing  opposite  St.  Louis  would  l)e  from  the  upper  Mississippi. 
75i  per  cent  from  the  Missouri,  2.96  per  cent  from  the  Illinois,  and  the 
remaining  1.54  per  cent  from  the  Chicago  drainage  canal.  The  wit- 
ness then  presented  Table  91,  including  statistics  concerning  the 
drainage  basins  above  mentioned  and  similar  data  for  Delaware  and 
Schuylkill  rivers.     (7542-7549.) 
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Table  91. 


-Statistics  concerning  the  drainage  areas  of  Missouri,  upper  Mississippi,  Illi- 
nois, Delaware,  and  Schuylkill  rivers. 


MISSOURI  RIVER  DRAINAGE  BASIN. 


Area 
(square 


Drainage  basin. 
I  Distance 


Missouri  River  (inclading  all  tributaries) . 

Jefferson  City.  Mo 

Kansas  aty.  Mo 

Leavenworth.  Kans 

Atchison,  Kans 

8t  Joseph.  Mo 

Omaha,  Nebr 

Council  Bluffs,  Iowa 

Sioux  City,  Iowa 

Biff  Sioux  River  a 

Ydlowstone  Rivera 

Platte  River 

Denver 

Kansas  River 

Kansas  City,  Kans 

Topeka,  Kans 

Oiage  River  « 


520.066 


tfon. 


5,120,607 


St.  Louis 
(miles;. 


10,009 
70, 119 
89,742 


60.436 


179,090 

49,002 

727,689 


550 

1,165 

422 


1,014,772  I 


16,254  I 


531.76.5 


107 


I 


a  No  large  cities  on  this  river. 


Cities. 


Popula- 
tion. 


Distance 

from 
St.  Louis 
(mil<'s). 


I 


9,664 

110 

163,752 

264 

20,736 

290 

16,722 

305 

102,979 

322 

102,555 

440 

25.802 

441 

33,111 

530 

133.859  1 

9W 

51.418  , 
33,608 

265 

MISSISSIPPI  RIVER  DRAINAGE  BASIN  ABOVE  ST.  LOUIS. 


Mississippi   River   (including  all  trlbu- 
Uries  except  Missouri  River) \    171,698      8,409,676 

(Juincy.  lU 

Burlington,  Iowa ' 

RockTsland,  111 

Davenport,  Iowa 

C^llnton.  Iowa 

Dubuque.  Iowa 

La  Crosse.  Wis 

St.  Paul.  Minn I 

Minneapolis,  Minn 

lUinoisRiver 32,081       3.433.845 

Peoria,' III ' 56,100 

Ottawa,  111 10.588 

Chicago,  lU :... 1,608,575 

RockRlver 10,231  564.972  241 

Rockford,  lU 

Beloit,  Wis 

Janesville.  Wis 


Wisconsin  River  « 

Chippewa  River 

Eau  Claire,  Wis 

Chippewa  Falls.  Wis. 

Bt.  Croix  Rivera 

Minnesota  River 

Mankato.  Minn 

Cedar  Rivera 

Des  Moines  River 

Des  Moines.  Iowa 


12,823 

8,818 


7,655 
16,109 


12.657 
14.025 


326. 197 
167,098  I 


470,205  ' 
513.516 


37 


36.252 
23,201 
19,493 
35.254 
22.(V98 
36,297 
28.895 
163.065 
202,718  i 


380 

490  I 


200 
140 


«  No  largo  citios  on  this  rivor. 
DELAWARE  RIVER  DRAINAGE  BASIN. 
Drainage  basin. 

(sqJ^re    ^-f>^^- 
miles.)     ^''^"• 


31.051 
10.436 
13,185  I 


17.517 
8.094  I 


10.599  I 


110 
178 
241 
242 
270 
325 
423 
.S45 
5.57 


162 
227 
357 


342 

am 

375 


530 
.542 


Cities. 

'   DLstance 
Popula-  from 

tion.  Trenton 

(miles) . 


Delaware  River    (including  all   tributaries  except 

SchuylkiU  River) 9,217,    1,430,367 

Easton,  Pa * i 

PhUlipsburg,  N.  J , 


26,238 
10,062  1 


42,6 
42 


3I« 


roLLUiTDN  nr  mT?iRB  nv  cvnwAtia  i^ewagk: 


TahI'B  UJ.     SfiififttitH  anitTfuint}  th  tifahtatjt^  arvttt  of  Muxmfri^  "^J^*" 


Dmlni«||>i 


mum} 


Ktvt'r  (ItioludLtig  Jill  tiibutai^^'i,,,, 
FtUlnVJlli;,  Tji... ,.... 


7km 


t 
.3 


If  tjTjhntd-fover  geroie  should  be  found  in  Mississippi  Rirfri 
tit  the  Chain  of  Rooks  intuke,  if^vinild  \w  wholly  impossible  ta I 
from  what  si>urce  they  were  dc"rivt>d»  herause  ilwtv  «n*  nmijl 
ciliof^  in  Ow  drainaije  !>asins  of  ihr  ihn'o  rivert?  above  ^^t.  Ijc*tti«* 
might  contrihutt^  such  germs  tu  the  riven  Other  thinj?^  Winge 
i(  w(ml<I  be  more  likily  that  they  would  come  from  the  nearcietpi 
of  polhttiou.      (7550-755).) 

WitJi  refer^Dot^  to  the  a]|e|^ed  incwase  of  typhoid  fever  in  St.  I 
subsequent  to  the  opening  of  the  Chicago  drainago  canal  lJi(*  ffi 
stated  that  if  the  typhoid  stallstic-s  show  an  increase  in  the  it$xh 
per  unit  of  popnlaiion  since  the  opening  of  the  canal,  and  if  rb^^ii 
tigation  cloarly  indicates  that  there  is  no  other  possible  soiin 
infection,  and  if  tlic  rat<»  in  St.  Louis  fluctuates  synclironniisly 
the  rate  in  Chicairo,  it  miglit  be  beld  that  sucli  increast^  coul 
charged  to  the  flow  of  sewage  in  tlie  cb'ainagc  canal.  In  other  w 
unless  the  rate  in  Si.  t^ouis  Hue  nates  witli  those  in  Chicago  he  \\ 
l)e  of  the  o])inion  tliat  such  increase  was  caused  by  nuuh  ii 
sourc(\s  of  infection,  of  whicli  there  are  many  above  St.  Loui>.  ^ 
it  can  not  be  ])ositively  stated  that  Chicago  sewage  niight  iihI 
tribut<^  to  this  increase,  ii  is  e(|ually  out  of  the  (juestion  to  asscn 
a  single  city  out  of  man}'  discharging  sewage  into  tlie  rivers  alx'^ 
Louis  is  the  sole  cause  of  it.  The  city  of  St.  Cliarles.  on  Mi- 
River,  IxMug  nearer  (he  St.  J.ouis  intake,  would  constitute  a  nr 
menace  to  the  water  sup])ly  titan  Chicago  or  Peoria.  Tlie  m^a 
of  the  place  of  local  infection,  rather  than  the  size  of  the  place,  i 
chief  factor  in  detc^rmining  th(^  sotirce  of  infection.      (7or)4-7.').'>»> 

The  witness  tlien  described  his  investigation  to  (k^terniine  the  j 
lation  li\'ing  on  tlie  thi-ec*  drainage  l)asins  alcove  St.  Louis.  Tli< 
stej)  was  to  (livi(l(»  the  total  j)o])ulation  on  the  basin  by  its  are; 
result  l)eing  the  (listril)Utiofi  per  s(nuire  mile.  Then  the  popul 
of  each  urban  center  was  divided  by  the  distance  of  the  center 
the  St.  Louis  intake.  Th(^  (jtiotients  thus  obtained  were  avera^^ei 
the  total  poj)ulation  divided  l)y  tlu^  sutii  of  the  (piotients,  tlni>  I 
the  center  of  popidatiou.     T\u^  eV\v^«.'\  vA  \\\\^  \Nv\"t>  Un  ^ive  a  nuiii 
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value  showing  the  relative  probable  degree  cf  pollution  of  the  water 
flowing  past  St.  Louis  from  each  of  the  respective  drainage  basins. 
The  next  step  was  to  take  the  mean  of  all  the  quotients  obtained  by 
dividing  the  population  of  the  urban  centers  by  the  distance  of  each 
center  from  St.  Louis,  which  gave  a  factor  that  fixed  the  probable 
center  of  pollution  on  each  drainage  basin.  A  further  step  along  this 
line  was  made  by  adding  together  the  total  area  of  each  of  the  three 
basins  and  dividing  the  area  of  each  by  the  total  to  obtain  a  factor 
which  would  show  the  proportion  contributed  by  each  basin  to  the 
water  flowng  in  Mississippi  River  below  the  confluence  of  all  three 
streams.  The  rainfall  was  then  considered.  The  amount  on  the 
Missouri  basin  as  an  entirety  would  be  less  than  that  on  the  Missis- 
sippi or  the  Illinois  basin^  and  this  fact  would  change  the  proportions 
obtained  by  the  last-described  computation.  The  results  of  these 
calculations  were  stated  as  follows : 

The  distribution  of  population  per  scjuare  mile  is  in  the  Missouri 
basin  9.94,  in  the  Mississippi  basin  above  Illinois  River  43.21,  and 
in  the  lUinois  basin  107;  the  urban  population  per  square  mile  of 
the  Missouri  basin  2,  of  the  Mississippi  basin  9,  and  of  the  Illinois 
basin  72.  The  re'sult  of  dividing  the  population  of  urban  centers 
containing  4,000  or  more  people  by  the  distance  of  such  centers 
from  the  St.  Louis  water  intake  is  for  the  Illinois  basin  209.2,  for 
the  ilississippi  basin  122.47,  and  for  the  Missouri  basin  106.56.  The 
relation  of  these  numbers  to  each  other  indicates  inversely  the  rela- 
tive value  of  each  stream  as  a  source  of  water  supply  with  respect  to 
sewage  pollution  from  all  sources.  That  is  to  say,  the  Missouri 
would  have  the  highest  value,  the  Mississippi  next,  and  the  Illinois 
lowest.  In  these  calculations,  however,  no  consideration  is  given  to 
the  flow  of  water  in  the  stream.  If,  however,  the  flow  was  greatest 
in  Missouri  River,  which  normally  would  be  the  most  valuable 
source  of  supply  for  St.  Louis,  and  least  in  Illinois  River,  which  was 
shown  by  the  above  computations  to  be  the  least  desirable,  the 
unfavorableness  of  Illinois  River  would  be  mitigated.  For  example, 
if  the  flow  of  Illinois  River  was  1  per  cent  of  that  of  Mississippi 
River  in  front  of  St.  Louis,  then,  notwithstanding  the  fact  that  the 
Illinois  is  the  most  objectionable  drainage  basin  from  which  to  draw 
the  supply,  the  effect  of  this  water  when  compared  with  the  other 
09  per  cent  of  water  derived  from  Missouri  and  upper  Mississippi 
rivers  would  not  be  appreciable.     (7556-7562.) 

The  witness  stated  that  it  would  make  no  difference  either  in  the 
cost  of  construction  or  the  cost  of  operation  of  a  filtration  system 
at  St.  Louis  whether  the  sewage  of  Chicago  were  turned  hi  to  Illinois 
River  or  not,  because  from  his  exporince  he  believed  that  sewage 
pollution  is  not  a  factor  in  the  cost  of  filtering  a  polluted  water,  but 
rather  that  the  suspended  matter  that  such  water  carries  would 
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iiiri^ase  the  exist  of  maintfnanre  by  ri^ai^n  of  the  frecjufMit 

of  t\[v  hi'ds  ihiii  sMch  ttuittrr  win i Id  niakp  necessan^  T\\^  ^ 
purihratiiiii  of  Missouri  Rivpt  water  ^vo^^(l  he  j^reater  than  t 
wal^r  htnn  Illinois  or  upper  Mississippi  nvi*rs,  horause  tht*  M 
carries  the  largpj^t  amount  of  suspt*iitletl  tiiatter,  (7563-T5fii> 
No  im  port  ant  \\e\w  relevant  facts  were  broii^jhi  oul  oa 
oxaniination* 

TICHTIMONY  IX  KKBUTl^AI.  FOR  P1:iA1:NTIF1\ 

EDWARD  W,  SAUNDERS. 
DIKEC^T    EXAMINATION. 

Ktlward  W,  Saunders,  called  as  a  witness  nn  behalf  of  t! 
plainant  in  rebnttal,  stated  that  lie  had  been  a  physician  in 
practice  in  St.  Ijouj^  for  twenty-six  years^  having  l^raduau 
the  nuulieai  srliool  of  tlic  Univci^sity  *>f  A  ir^inia  in  1875.  \ 
fwA  concerning  his  aet|imintance  with  typhoid  fever,  and  stAi 
tlie  Widal  tost  wa.s  useil  by  pliysicians  for  the  purpose  of  ma 
early  dia^nDsi.s  of  the  disease.  He  considered  that  this  tesi 
general  nse  amon^f  the  medical  profession  in  St>  Loub,  aj 
rcf(*rcrice  to  the  effects  tlicrcnf  stated  that  many  eaaed  of 
tlnit  bad  been  suppui^ed  on  ciinical  diagnosis  to  be  t3T>hoTd  f«' 
not  bc(Mi  supported  by  this  tost,  the  n^sult  of  whicli  was  tl 
liad  been  elifniiiatcd  from  the  typhoid  list,  thereby  haviiiL 
(U'ncv  to  HMluce  the  Diiml)ers  of  fatal  eases  reported  since  1 1 
(hietion  of  th(^  nu^thod.  On  the  other  hand,  lie  was  of  the 
that  the  use  of  the  test  had  residted  in  correcting  tlie  diaj 
malaria  and  placing  it  un(hu-  the  head  of  typhoid.  On  the  ^ 
lower  rate  of  fatality  from  tlu^  disease  had  been  the  re>uli 
a(h)])tion  of  this  test.      (7r)S7-7508.) 

In   the   witn(\ss's  opinion   the   circular  sent   out    by    the   Si 
l)oar(l  of  health  urging  all  ])hysiciaiis  to  report  their  cases  of 
fever  had  had  no  effect.      (7r)<);V  7594.) 

With  referenci^  to  various  medical  terms,  he  stated,  first, 
had  no  idc^a  what  the  t(U*m  "congestive  fever"  meant,  but  i 
not  iHM'essarily  be  inclu(l(Hl  among  typhoid  cases:  secoiui. 
understood  the  term  " ty|)ho-malaria "  as  being  a  coniplic; 
ty])hoid  fevcM*  and  malaria:  third,  he  woidd  incduih*  "re 
fever"  among  tlu*  typhoid  cases  giUKU'ally,  because  indigen«»u 
t(Uit  fm'crs  arc^  not  fatal:  if,  howe\'(U',  the  caM»  bad  been  tli 
\-ery  yoimi^  or  very  old  j>erson  and  d(Mith  had  occurred  at  tli 
of  tlu^  disease  he  would  l)elie\'e  it  to  \n^  malaria,  but  not  if  dts* 
occurriMl  after  a  prolractfMl  illness.  l)ecause  (piinine,  usually 
istered  in  stich  cases,  is  as  a  rtih^  a  specific;  fourth,  he  ex])res 
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same  opinion  concerning  **  intermittent  fever '^  as  above  noted  with 
reference  to  remittent  fever;  fifth,  he  had  no  conception  of  what  the 
term  ^'bilious  fever^^  meant;  sixth,  deaths  referred  to  as  caused  by 
"simple  continued  fevers"  he  would  place  in  the  typhoid  class,  inas- 
much as  he  believed  in  the  dictum  of  Doctor  Osier  that  any  fever 
that  continues  a  week  and  is  not  amenable  to  quinine  must  be 
typhoid.     (7594-7596.) 

CROSS-EXAMINATION. 

On  cross-examination  the  witness  admitted  that  if  it  should 
appear  in  the  health  statistics  of  St.  Louis  during  the  last  ten  years 
that  there  was  a  group  of  deaths  reported  as  remittent,  intermittent, 
t\T)ho-malarial,  congestive,  and  simple  continued  fevers  and  that 
these  deaths  amounted  to  something  like  200  a  year,  it  would  be  a 
reflection  on  the  diagnostic  ability  and  carefulness  of  the  doctors 
making  the  reports.  If  the  number  of  deaths  from  typhoid  and  the 
number  reported  to  be  caused  by  the  other  febrile  diseases  were 
about  the  same,  it  would  be  his  opinion  that  the  majority  of  these 
latter  cases  belonged  in  the  typhoid  column,  and  in  the  light  of  such 
evidence  he  would  say  that  the  physicians  of  St.  Ix)uis  were  not 
employing  the  Widal  test.  He  admitted  it  to  be  the  fact  that  prac- 
titioners wedded  to  old  forms  of  treatment  are  obstinate  in  accepting 
new  forms  and  that  this  would  make  itself  manifest  in  the  mor- 
tality statistics.  Assuming  that  approximately  the  same  number  of 
deaths  are  recorded  from  typhoid  fever  as  from  the  other  febrile 
diseases  mentioned,  he  would  conclude  that  the  typhoid  report  is  as 
inaccurate  as  the  other  one,  and  he  attributed  these  inaccuracies  to 
failure  in  diagnosis.  He  further  stated  that  physicians  in  general 
practice  in  St.  Louis  are  not  possessed  of  the  degree  of  skill  necessary 
to  make  the  microscopic  diagnosis  either  of  malaria  or  typhoid. 
(7600-7605.) 

With  reference  to  the  comparative  fatality  of  typhoid  and  malaria, 
the  witness  stated  that  in  his  entire  practice  he  had  never  written  a 
death  certificate  from  any  form  of  malarial  fever  except  in  the  very 
young,  when  convulsions  carried  off  the  patient  in  the  onset  of  the 
disease,  or  in  the  aged,  where  malaria  caused  the  death  of  a  very 
weak  person.     (7608.) 

WASHINGTON  E.  FISCHEL. 
DIRECT    EXAMINATION. 

Washington  E.  Fischel,  called  as  a  witness  on  behalf  of  the  com- 
plainant in  rebuttal,  stated  that  he  had  been  practicing  medicine  in 
St.  Louis  since  1874.  lie  graduated  from  the  medical  department  of 
Washington  University  and  had  taken  postgraduate  studies  in  the 
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univt^mtias  of  Berlin  and  Vii*nnji.  IIo  liail  flcvoUMl  hint***!!  ^i 
tcj  iiiti-rnal  nu?dk^iiK%  whicli  itiolihlc^l  the  (realineiit  c*f  U^Wfljl 
ant  I  wns  m1  tht*  time  of  tes^tinjonv  connerted  with  Si.  Luki^i^II 
and  the  eity  hos^pilnL  *mtl  lectured  lo  cliisses  in  the  Jutlet 

The  witnesis  stttt«!i!  Ihul,  lakini^  into  e-oiLi^ideraiioo  tlie 
Widal  te^t  in  early  diai^onsiii  of  typhoiil  lever,  and  akii  ihefii 
typhciid  is  a  ili-seaso  ^vlli(■h,  if  properly  triMifeil  in  it>4  earlv  4 
Ivss  Hkcly  to  heeoiHc  ruhil  than  if  liiagnosed  later,  lie  iK'UereJi 
intro*hu'tion  of  this  test  wouUl  les^sen  the  mortality  in  St.  Lm 
further  stated  that  he  had  obser\Td  more  typhoid  fever  Au^ 
winter  and  i^prin^  inoiiths  within  the  last  few  years  thai>  fo 
hut  (litl  not  vvviiW  any  eirrular  sent  out  by  the  city  l>oiinl  u) 
wiOi  reference  to  re]>ortrn)^  raises  of  typhoid  and  had  heard 
eu!!^sion  tjf  it  anionfx  thr^  profession.  He  stated  that  persi>nftl| 
hail  uu  elFert  on  his  aetions  in  eonnection  with  re|iortiiHj  ca^ 
Wheved,  however,  that  many  cases  of  deaths  from  tj-phnid  h 
not  been  reported  as  «uch,  for  the  reiison  that  the  physieian,  I 
in^  reiKirted  (he  case  at  its  oiLset,  won  hi  endeavor  to  avoid 
Bilnlity  in  the  iletiMi  certificate.  With  reference  to  the  vaiiot 
for  febrile  diseaspM  notcnl  in  the  preeediug  testinmnv,  he  sIm^ 
he  could  not  <lcfine  the  meaning  of  ''eoni^eKtiire  fc^ver/'  but 
would  ftuppoHc  that  it  might  jucan  typhoid  or,  (in  the  ottier' 
might  mean  something  else.  Similarly,  deaths  reported  as  ra 
remittent  or  intermit t(Mit  fevers  woidd  not  necessarily  \)v  i 
but  miglit  l)e  tubcM-culosis,  pneumonia,  nuuiingitis,  or  dij* 
(7()1  I   7()17.) 

lb'  then  said  that   the  efl'ect  of  the  o])ening  of  the  draiiiML 
had  l)een  to  make  him  extremely  careful  with  referenee  to  ti 
nosis  of  ty|)hoid,   because  naturally  he  felt    that    there  wa- 
(hiuger  froui  the  (liicago  sewage  and  he  wanted  to  make  it 
hiuiself  whether  in  his  cxj)erieuce  that  danger  existed,  and  t! 
he  never  re|)orted  a  case  as  typhoid  when  the  Widal  reaction 
])ositive.      (7()17   7()1S.) 

(  1{(  )SS-KX  AM  IN  ATU  )N. 

On  cross-examination  the  witness  admitted  tliat  the  coir 
his  statement  couccM'uing  the  ell'ect  of  the  use  of  the  Widal  i 
was  true,  uam(dy.  that  many  deaths  from  ty])hoid  were  rcp« 
beiug  (hie  to  other  dis(»ases.  1  b^  was  not  of  the  oj^inion.  h 
that  if  the  ty|)hoi(l  in  St.  L(Miis  j)rior  to  the  opening  of  the  ca 
l)e(Mi  diagnosed  with  \\w  same  dcgnn'  of  care  that  bad  been  u- 
se(pient  to  tlu*  ojxMu'ng  thci-e  would  have  l)een  a  larger  nui 
(h'aths  rej)orted,  IxM-ausc  t  he  rule  is  that  the  clinical  picture  of  1 
is  no  clearer  and  positive  (hagnosis  would  be  made  in  a  nujj* 
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cases  without  the  Widal  reaction.  The  deaths  reported  as  being  due 
to  remittent,  intermittent,  and  other  febrile  diseases  may  have  been 
tuberculosis.  He  was  of  the  opinion,  however,  that  among  these 
deaths  typhoid  fever  should  be  reported  more  often  than  tuberculosis. 
He  believed  that  the  circular  sent  out  by  the  board  of  health  after  the 
opening  of  the  drainage  canal,  calling  attention  to  the  necessity  for 
reporting  typhoid,  had,  on  the  whole,  made  the  physicians  more 
careful.  If  the  official  statistics  should  disclose  that  the  number  of 
typhoid-fever  deaths  had  increased  since  the  opening  of  the  canal  and 
the  number  of  deaths  from  the  other  febrile  diseases  mentioned  had 
decreased,  it  would  be  an  indication  that  the  physicians  had  exer- 
cised more  care  in  diagnosis.  He  would  assign  faulty  diagnosis  as  a 
reasoa  why  many  of  the  deaths  were  reported  under  the  miscellaneous 
febrile  diseases,  and  admitted  that  where  it  was  found  that  the  number 
of  deaths  attributed  to  these  causes  in  a  city  of  the  size  of  St.  Louis 
amounted  to  about  200  a  year  it  was  an  indication  that  there  were  a 
great  number  of  physicians  who  were  not  abreast  with  the  profession. 
(7619-7623.) 

LUDV^IG  BREMER,  ALBERT  E.  TAUSSIG,  AND  C.  H.  GOODMAN. 

Similar  testimony  in  rebuttal  was  rendered  by  Drs.  Ludwig  Bremer, 
Albert  E.  Taussig,  and  C.  H.  Goodman.  Doctor  Goodman  stated  that 
although  he  had  seen  a  number  of  cases  of  pernicious  malaria  in  St. 
Louis,  he  would  be  greatly  surprised  if  the  fatality  ran  as  high  as  50 
annually. 

HERBERT  E.  SMITH. 
DIRECT   EXAMINATION. 

Herbert  E.  Smith,  a  witness  called  on  behalf  of  the  complainant  in 
rebuttal,  stated  that  he  was  dean  of  the  medical  school  at  Yale  Univer- 
sity, had  studied  in  the  Sheffield  Scientific  School  of  Yale  University 
in  the  chemical  and  bacteriological  courses,  and  then  in  the  medical 
department  of  the  university.  He  received  his  degree  of  doctor  of 
medicine  at  the  University  of  Pennsylvania  in  1882.  Since  graduation 
he  had  been  connected  with  the  Yale  Medical  School  under  various 
designations,  and  at  the  time  of  testimony  held  the  title  of  professor 
of  chemistry  and  dean  of  the  medical  faculty.  In  the  eighties  he  was 
appointed  one  of  the  Connecticut  State  chemists;  was  later  appointed 
chemist  of  the  State  board  of  health,  and  for  a  period  of  fourteen  years 
had  had  immediate  charge  of  all  the  work,  chemical  and  bacteriolog- 
ical, which  the  board  had  done  in  the  matter  of  river  pollution. 
Since  1887  he  had  been  a  student  of  bacteriology  and  had  imported 
one  of  the  first  sets  of  Koch's  bacteriological  apparatus  into  the  United 
IRB  194--07 ^21 
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States.  His  experience  along  all  the  lines  of  water  supply,  watw 
lution^  and  water  and  sewage  purification  had  been  ((intiniiooMl 
had  investig:ated  epideniica  of  typhoid  fever  throughout  theSli 

Connecticut,     (7671^-7683. ) 

Tables  86  and  87  (pp.  284,285),  introduced  into  evidence  btPrtl 
Khmicutt  for  the  defense,  were  exliibited  to  the  witne^,  dsutlh 
Professors*  Long,  Palmer,  and  Jordan,  Jle  s talced  that  they  dii 
fiimish  sufficient  data  to  permit  him  to  fomi  a  positive  opiM 
regard  to  the  ralue  of  the  drainage  canal  as  a  septic  lank  in  tk 
fication  of  sewage.  While  the  figures  show^  that  there  is  a  eonsaiti 
solution  of  suspended  matter  and  decomposition  of  urft&nic  a 
and  a  reduction  taking  place  in  various  ingredients  in  the  sewsgf 
passing  through  the  canal^  no  opinion  could  be  formed  from  then 
cerning  the  destruction  of  pathogenic  organisms,  particukriv  th 
typhoid  fever.  Wliile  a  reduction  might  be  apparent,  there  was 
ing  to  show  how  efficient  the  canal  was  in  this  respect,  Tbei 
concerning  the  water  at  the  various  sampling  points  in  Illinois 
show  the  coniposition  of  the  samples  of  water  at  the  time  and  pi 
which  they  were  collected.  Those  in  the  upper  portion  4)f  tlies 
show  a  very  high  chemical  and  bacterial  poUutionj  and  there 
gradual  diniinutinn  in  the  amcjunt  of  the  various  constituents  j 
the  progress  d*jwn  the  river  to  Avery  vi  lie,  an  increase  helfiw  Pciir 
a  further  reduction  to  Grafton,  but  the  samples  at  Grafton  sh*i 
siderahle  evidence  of  sewage  contamination  still  remaining 
results  fail  to  show,  however,  tlic  true  conditions  of  tlic  river 
several  stations  at  all  times,  l)ecause  a  sample  taken  from  a  r 
stream  from  time  to  time  can  not  show  the  coniposition  of  the  r 
that  ])lace  at  t)ther  times.  The  witness  further  stated  that  tlu 
no  evidence  in  the  tallies  that  the  samples  taken  at  the  time  ^ 
amount  pro])ortional  to  the  flow  of  the  river,  and  ol)vioii>l 
would  represent  a  diirerent  proportion  of  the  constituents  at  ti 
flood  from  that  which  they  would  in  times  of  low  water,  inasir 
the  samples  were  all  of  the  same  size.  With  reference  to  the  in^l 
results  on  which  the  averages  were  based,  the  witness  stated  iIih 
were  many  which  dc^viated  widely  from  the  average  and  tliii 
averages  do  not  show  a  true  condition,  because  tlie  general  a 
ciU^  relate  only  to  conditions  at  the  times  when  and  the  places 
the  sam])les  w(*re  taken.  A  sewage-contaminated  stream 
greatly  from  time  to  time  in  its  content  of  impurity,  dcpcndiiii: 
on  the  irregularities  in  the  discharge  of  the  sewage.  At  (»ne  tii 
sewage  will  \)v  of  a  certain  character  and  at  another  time  it  wil 
widely,  either  l)ecause  of  the  varying  character  of  tl)e  materi 
charged  from  manufacturing  ])lants  or  because  of  the  difTereiut 
are  found  in  the  flow  of  sewage  from  houses  at  difl'erent  parts 
ihiy.     3/oreover,  there  \s  a  \xn\  wuwV^vJi  dVv^Qvence  in   the  li 
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streams^  due  to  the  variable  rainfall  at  different  seasons  and  times. 
This  has  the  eflFect  not  only  of  increasing  the  volume  of  the  flow,  caus- 
ing a  consequent  dilution,  but  also  of  bringing  down  accumulated  pol- 
luting materials  in  the  drainage  area.  Therefore  an  average  result 
can  not  show  the  condition  of  the  stream  at  all  times.  The  witness 
asserted  that  the  tables  of  averages  introduced  by  Professor  Kinni- 
cutt  do  not  form  a  competent  basis  in  the  present  condition  of  sanitary 
science  on  which  to  form  a  definite  opinion  as  to  the  sanitary  condition 
of  the  stream  to  which  they  relate.  He  based  this  assertion  on  his 
belief  that  chemical  analyses  do  not  and  can  not  show  all  the  evidence 
of  dangerous  pollution  that  might  exist  in  a  stream.  Such  analyses 
are  addressed  to  the  detection  and  determination  of  certain  elements 
that  are  useful  in  demonstrating  the  presence  or  absence  of  sewage  in  a 
stream,  but  in  the  present  state  of  the  science  it  is  impossible  to  decide 
whether  certain  results  are  or  are  not  evidence  of  sewage  contamina- 
tion. Furthermore,  there  are  certain  ingredients  coming  from  sew- 
age, which  may  be  present  in  a  stream  and  which  are  of  material 
importance,  that  are  not  revealed  by  the  chemical  analysis.  In  the 
opinion  of  the  witness  neither  do  the  bacterial  analyses,  in  the  present 
state  of  sanitary  science,  reveal  in  all  cases  the  presence  of  constituents 
of  sewage.     (7683-7692.) 

The  witness  had  examined  the  figures  relating  to  the  extent  of 
population  residing  on  the  drainage  area  of  Illinois  River,  both  urban 
and  rural,  the  figures  showing  the  amount  of  sewage  discharged  into 
Illinois  River  at  various  points  along  its  course,  and  the  data  showing 
the  flow  of  the  river.  Taking  all  these  into  consideration,  he  was  of 
the  opinion  that  the  urban  population  on  the  several  drainage  areas 
tributary  to  the  Illinois,  exclusive  of  that  of  the  Chicago  sanitary  dis- 
trict, gives,  according  to  the  analytical  tables  presented  in  evidence,  a 
greater  amount  of  sewage  pollution  than  he  would  expect  on  a  river  of 
that  size  and  population,  and  that  such  an  excess  of  pollution  must 
come  from  the  Chicago  drainage  canal.  Considering  the  sources  of  pol- 
lution and  the  natural  and  artificial  conditions  existing  along  Illinois 
River  previous  to  the  opening  of  the  canal  and  comparing  the  same 
with  those  which  were  present  subsequent  to  the  opening,  he  stated 
that  the  earlier  conditions  were  such  as  to  afford  greater  facilities  for 
the  removal  of  pathogenic  organisms  than  had  existed  later. 
(7692-7697.) 

On  the  assumption  that  the  sewage  of  Chicago  passes  through  the 
drainage  canal  into  Desplaines  River,  down  the  Illinois  to  the  Mis- 
sissippi, and  past  Chain  of  Rocks  within  ten  to  twenty  days  from  its 
initial  discharge  into  Chicago  River,  the  witness  stated  that  it  was 
his  belief  that  the  water  at  Chain  of  Rocks  is  less  valuable  for  sanitary 
use  than  it  was  before  the  opening  of  the  drainage  canal  and  that 
there  is  a  very  much  greater  liability  to  infection  from  typhoid  fever 
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of  persons  drinking  the  water  from  that  point  in  the  river.  The 
increase  of  volume  of  Illinois  River  by  the  addition  of  water  from  the 
drainage  canal  at  the  rate  of  250,000  cubic  feet  per  minute  would 
cause  an  increase  in  the  flow  of  Illinois  River,  and  would  thereby 
largely  increase  the  liability  of  typhoid-fever  germs  passing  down  into 
Mississippi  River  past  Chain  of  Rocks  in  a  virulent  condition  and 
thus  becoming  a  serious  menace  to  the  health  of  persons  living  below 
the  mouth  of  the  IlUnois.     (7697-7701.) 

A  sanitarian  in  order  to  enable  himself  to  pass  intelligently  on  the 
character  of  a  water  should  avail  himself  of  all  knowledge  obtainable 
on  the  subject.  A  chemical  examination  may  give  such  results  as 
would  indicate  that  the  water  is  sewage  polluted;  but  to  decide  how 
important  the  pollution  is  its  condition  and  extent  must  be  deter- 
mined as  far  as  possible  by  other  means.  There,  are  cases,  however, 
in  which  the  chemical  analysis  will  fail  to  give  positive  data  as  to  the 
presence  of  pollution  even  when  it  is  imdoubtedly  present,  as  shown 
by  other  data.  The  bacteriological  analysis  frequently  aids  in 
obtaining  results  indicating  the  presence  of  sewage  contamination, 
but  in  other  cases  will  not  disclose  the  presence  of  anything  of  the 
kind.  Such  tests  have  often  failed  to  show  evidence  of  contamina- 
tion even  in  streams  which  were  known  to  have  received  sewage.  In 
determining  whether  a  water  in  use  has  been  exposed  to  sewage  pol- 
lution, the  most  positive  way  of  obtaining  evidence  is  by  a  careful 
study  of  the  character  of  the  effects  which  have  been  produced  on 
the  people  using  such  water.  Where  a  large  community  uses  a  water 
which  has  been  sewage  polluted  and  the  injurious  ingredients  still 
persist,  the  fact  is  inevitably  shown  in  its  results  upon  the  health  of 
the  people.  The  statistics  of  typhoid  in  a  community  are  on  the 
whole  the  best  evidence  of  sewage  pollution.     (7701-7702.) 

The  witness  stated  it  very  positively  as  his  opinion  that  typhoid 
bacilli  living  in  the  sediment  of  a  polluted  stream  for  a  period  of  sixty 
days  would  be  able  to  produce  typhoid  fever  if  taken  into  the  human 
system.  When  typhoid  bacilli  are  deposited  on  the  bottom  of  De^ 
plaines  and  Illinois  rivers  between  Chicago  and  Peoria  for  a  period  of 
thirty  or  forty  days  they  might  retain  their  dangerous  qualities  if 
there  is  nothing  which  would  make  it  certain  that  such  organisms 
would  meet  with  any  material  which  would  surely  be  destructive  to 
them.  Under  such  conditions  the  discharge  of  the  drainage  cana! 
has  unquestionably  been,  in  the  opinion  of  the  witness,  the  cause  of 
typhoid  fever  in  St.  Louis.     (7703-7705.) 

With  reference  to  the  location  of  the  so-called  zone  of  purification, 
mentioned  in  the  testimony  of  several  witnesses  for  the  complainant, 
Professor  Smith  stated  that  the  conditions  affecting  the  purification 
of  streams  were  so  complex  that  it  would  be  impossible  by  the  ordi- 
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nary  methods  to  determine  at  what  point  in  the  river  the  purification 
was  effected.  The  only  entirely  satisfactory  way  which  could  be 
suggested  was  by  a  study  of  the  results  ot  the  use  of  such  water  by 
communities.  If  these  fail  to  show  any  evidence  of  deleterious 
effects,  it  might  reasonably  be  concluded  that  the  point  under  consid- 
eration was  outside  of  the  zone  of  danger  during  the  time  of  the 
experiments,  but  owing  to  the  fact  that  the  chief  deleterious  con- 
stituents of  sewage  are  living  organisms  and  that  at  certain  times  they 
may,  by  being  embedded  in  solid  materials,  be  protected  from  influ- 
ences ordinarily  adverse  to  them  in  streams  it  would  be  impossible 
to  predict  with  certainty  that  at  some  other  time  than  that  of  the 
experiments  the  water  would  be  perfectly  safe  at  that  point.  It  is 
important  to  recognize  in  the  matter  of  sewage  pollution  that  the 
chief  injurious  ingredients  are  Uving  organisms  and  that  the  question 
of  dilution  does  not  come  into  the  discussion  to  anything  like  the 
extent  that  it  would  if  the  injurious  ingredients  were  inert  chemical 
substances.  If  the  latter  were  the  case,  these  ingredients  could  be 
diluted  to  such  a  point  that  the  dose  in  any  given  amount  of  water 
in  the  stream  would  be  without  effect  on  living  persons,  but  it  is 
necessary  to  recognize  that  dilution  does  not  affect  the  individual 
living  organisms  but  only  their  dissemination  through  the  water.  It 
is  possible,  therefore,  to  find  in  one  portion  of  the  water  something 
that  will  be  deleterious,  while  in  another  adjacent  portion  there  may 
not  be  any.  There  are  no  experiments  which  are  entirely  satisfactory 
in  proving  that  typhoid  bacilli  are  not  able  to  survive  in  sewage  for 
a  period  of  three  or  four  days  or  even  for  longer  periods.  In  view  of 
these  facts  and  the  further  fact  that  the  bacilli  may  be  deposited  in 
the  bottom  of  a  stream  imder  conditions  which  would  protect  them 
from  certain  deleterious  influences,  it  would  be  his  opinion  that 
typhoid  bacilli  may  survive  for  a  very  much  longer  period  than  three 
or  four  days.     (7705-7708.) 

The  experiments  of  Professors  RusseU,  Jordan,  and  Zeit  on  the 
longevity  of  typhoid-fever  bacilU,  conducted  by  using  parchment 
sacks,  according  to  the  witness,  do  not  exemplify  the  true  conditions 
found  in  a  stream.  The  introduction  of  the  typhoid  bacilli  in  an  arti- 
ficial maimer  in  such  a  quantity  of  sewage,  inclosed  in  a  parchment 
sack,  does  not  simulate  the  condition  that  would  exist  in  the  case  of 
typhoid  bacilU  discharged  into  sewage  and  coming  from  a  patient 
suffering  with  typhoid  fever,  in  which  case  the  organisms  might  read- 
ily be  inclosed  in  fecal  matter.  Further,  the  condition  of  the  bacilli 
in  the  sack  is  quite  different  from  that  in  which  they  would  be  if 
they  were  free  in  the  stream,  where  they  could  be  deposited  in  the 
sediment  and  become  protected  from  the  influence  of  sewage  on  them. 
Inclosed  in  the  sacks,  the  bacilli  would  be  subjected  to  the  frequently 
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changing  condition  of  water  in  ftiiy  nne  spot,  whHe  if  ntti  ao  n 
they  wimld  pass  farther  down  the  riv^er  and  be  free  from  t\m 
rious  effects  of  such  changes.  As  they  pa^ss  dawostream,  th< 
tions  would  become  more  and  more  favorable  U>  them  ciwiif 
greater  dilution  and  the  proportionate  decrease  of  unfavdrti 
stances  in  the  water.  The  results  of  the  parchment-cell  inv€6ti 
do  oot  agree  with  other  experiments  that  have  been  made  hy 
rianf?,  and  he  did  not  know  of  anyone  who  had  felt  justifie*!  i* 
of  themi  experiments  in  limiting  the  period  wliich  tj^ihoid  bw 
fiur\nve  in  sewage.  No  information  was  given  c<uicf*rDiiig  ihe 
matter  in  the  parcluneut  sack;  it  might  hav^e  been  my  far  dem 
aa  to  afford  no  nutriment  to  the  bacilli  and  they  might  havf  d 
n^sult,  but  in  general  the  fM^nditions  prevailing  in  the  sacis 
much  at  variance  with  the  normal  conditions  and  the  results i 
at  variance  with  the  ordinary  experience  of  persons  who  ha^ 
deal  With  epidemics  of  typhoid  fever  that  the  evidence  h>  aU 
too  inc43mpleto  to  forqfi  the  basis  of  an  opinion  of  so  mde  i 
reaching  importance.     (7708-7713.) 

With  reference  to  the  increased  amount  of  t^^ihoid  fev« 
Louis^  the  witness  stated  that  the  absence  of  any  curreff 
increase  over  the  drainage  area  above  Chain  of  Uocks^  vxd 
the  sanitary  district  of  Chicago,  is  sufficient  to  demotuttmtfi  U 
increase  must  liave  been  due,  in  ('(insiifonililf  f>jirt.  f^t  ]on^t.  \ 
tion  from  the  Cliicago  sewage.  In  making  comparisons  of  oo 
before  and  after  the  opening  of  the  canal  the  competent  iiit 
deciding  wliether  or  not  there  has  been  an  increase  is  to  coin] 
typhoid  rates  in  St.  Louis  during  the  two  periods  1896  to  1S9 
sive,  and  1900  to  1903,  inclusive.  This  affords  the  best  me 
testing  whether  or  not  the  sewage  (^f  (^hicago  was  deleterioii 
liealth  of  the  ])eople  of  St.  Louis.  That  there  liad  been  such  an 
was  shown  by  the  niortality  records  in  the  olfice  of  the  S 
health  conunissioner.  The  increase  had  been  more  noticeal)l( 
the  winter  and  spring  months  than  during  the  summer  and  i 
(7716-7720.) 

In  the  opinion  of  the  witness  the  use  of  the  Widal  test  had 
ver}^  materially  the  rej^orts  of  deatlLS  from  typhoid  fever,  but 
a  more  nuirked  influence  in  iho  matter  of  correct  diagnosi. 
milder  cases.  Boards  of  health  in  large  cities  usually  ha^ 
hit  ions  concerning  the  r(^])orting  of  certain  diseases  and  amoi 
tyj^hoid -fever  is  always  iu(dude(l.  Inasmuch  as  the  circular; 
by  the  board  of  lu^alth  of  St.  Louis  shortly  after  the  opeiiin; 
drainage  canal  rcdated  to  the  importing  of  cases  of  typhoid  fc 
not  at  all  to  the  reporting  of  deaths,  there  was  no  reason  \vl 
should  be  any  special  effect  in  the  mortality  reports.    (772(^7 
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The  witness  then  testified  to  his  experience  in  the  oversight  of 
water-filtration  plants  and  the  costs  which  they  involved,  and  gave 
it  as  his  opinion  that  the  installation  and  operation  of  a  filtration  plant 
at  St.  Louis  would  be  more  expensive  by  reason  of  the  discharge  of 
Chicago  sewage  into  Illinois  River.     (7722-7723.) 

CROSS-EXAMINATION. 

In  reply  to  questions  concerning  the  witness's  contention  that  sam- 
ples should  be  taken  of  an  amount  proportional  to  the  flow  of  the 
river,  he  stated  that  if  a  stream  is  flowing  1,000  gallons  per  minute 
at  one  point  and  a  gallon  sample  is  taken  therefrom  the  results  of 
the  analysis  will  not  be  comparable  with  those  obtained  with  a  sam- 
ple taken  from  the  stream  where  it  is  running  2,000  gallons  per  min- 
ute unless  the  latter  sample  is  2  gallons.  While  the  results  bear  the 
same  relation  to  the  amounts  taken,  such  results  will  have  to  be  con- 
sidered in  making  the  average;  that  is,  it  will  be  necessary  to  give  a 
value  for  the  sample  collected  when  the  flow  is  2,000  gallons  per 
minute  twice  as  large  as  for  one  taken  when  the  flow  is  1,000  gallons. 
Furthermore,  in  order  to  get  thoroughly  representative  results  the 
samples  must  necessarily  be  taken  from  weirs — that  is,  from  some  sort 
of  a  weir  arrangement  which  will  give  a  continuous  flow,  one  portion 
going  into  the  sample  bottle  and  the  other  going  on  down  the  river. 
There  is  no  substitute  for  this.  The  taking  of  a  sample  every  week  or 
hour  or  every  five  minutes  will  not  truly  represent  the  conditions. 
No  one  would,  however,  be  likely  to  recommend  the  weir  method 
described,  because  the  value  of  the  results  obtained  would  not  be  com- 
parable with  the  difficulties.     (7723-7725.) 

With  reference  to  the  character  of  Missouri  River  water  as  a  source 
of  supply,  the  witness  stated  that  by  reason  of  the  numerous  points  of 
pollution  in  the  drainage  basin,  he  did  not  regard  it  an  as  ideal  water 
for  drinking  purposes,  but  the  typhoid-fever  statistics  in  St.  Louis 
from  the  time  the  water  intake  was  located  at  Chain  of  Rocks  to  the 
date  of  the  opening  of  the  Chicago  drainage  canal  compare  very  favor- 
ably with  those  of  other  cities  in  the  United  States  having  reasonably 
good  supplies.  He  might  recommend  the  continued  use  of  the  water 
with  the  sedimentation  basin  already  installed,  but  it  would  be  neces- 
sary to  operate  the  plant  with  caution.  He  admitted  that  the  water 
was  not  absolutely  safe,  but  contended  that  there  are  very  few  abso- 
lutely safe  waters,  and  even  those  which  have  been  subjected  to  filtra- 
tion could  not  be  included  among  that  class.  Under  such  conditions, 
the  expert  is  obliged  to  decide  as  to  the  reasonable  safety  of  the  water, 
and  while  he  would  hesitate  to  use  it  himself  or  to  allow  his  family  to 
use  it,  yet  in  giving  an  opinion  concerning  it  he  would  have  to  recog- 
nize that  it  was  reasonably  safe  and  that  the  average  community  in 
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the  United  States  does  not  expect  so  high  a  standard  for  its  require- 
ments as  he  did  in  his  own  practice.  This  opinion  he  extended  to  the 
water  of  Mississippi  River  above  Grafton  and  to  that  of  Illinois  River 
if  all  the  sewage  from  Chicago  were  excluded.  With  regard  to  abso- 
lute safety,  he  stated  that  he  could  conceive  of  such  an  ideal  condition 
exiting  in  some  drainage  areas,  but  it  is  so  difficult  to  find  a  large  sup- 
ply of  water  that  is  safe  at  all  times  that  he  would  not  expect  to  be 
able  to  recommend  any  such  surface  supply  for  a  large  commimitv. 
(7736-7743.) 

Referring  to  his  testimony  concerning  the  increased  cost  of  filtering 
the  water  at  Chain  of  Rocks  after  the  opening  of  the  drainage  canal 
over  that  which  would  have  been  necessary  had  the  canal  not  been 
constructed,  the  witness  stated  that  the  chief  sanitary  advantage  of 
filtering  water  is  to  remove  infection.  The  rapidity  and  the  character 
of  filtration  and  the  scientific  oversight  of  the  operation  of  the  filter  all 
depend  on  the  relative  contamination  of  the  water  to  be  filtered.  A 
water  which  has  a  certain  amount  of  contamination  would  be  satis- 
factorily filtered  at  a  certain  rate,  but  if  it  received  a  greater  amount 
of  pollution  that  rate  would  have  to  be  reduced  in  order  to  accomplish 
the  removal  of  the  obnoxious  matter  with  the  same  degree  of  thorough- 
ness. Consequently,  it  would  require  a  larger  filter  plant  to  purify  the 
same  amount  of  water.  Furthermore,  filters  are  liable  to  fail  in  their 
operation  at  times,  and  therefore  a  filter  through  which  a  highly  con- 
taminated water  is  being  passed  must  be  operated  with  greater  care. 
It  is  not  true  that  the  chief  cost  of  establishing  and  operating  a  filter 
from  a  sanitary  standpoint  depends  on  the  amoimt  of  material  in  sus- 
pension. The  question  of  infection  is  not,  according  to  the  witness,  a 
matter  of  secondary  importance.     (7743-7747.) 

The  witness  then  repeated  his  opinion  concerning  the  longevity 
experiments  of  Professors  Jordan,  Russell,  and  Zeit,  namely,  that  the 
conditions  were  so  different  from  those  naturally  prevailing  in  polluted 
water  that  he  did  not  credit  the  experiments  as  being  sufficient  to  per- 
mit a  judgment  concerning  the  longevity  of  the  typhoid  bacillus  in 
polluted  rivers.  If  the  sacks  had  been  allowed  to  float  down  the 
stream  so  protected  that  they  would  not  have  been  subjected  to  the 
changing  water  conditions,  the  results  might  have  been  more  accurate. 
Also,  in  the  opinion  of  the  witness  it  would  have  been  a  good  plan  to 
have  tried  sacks  of  such  size  as  to  admit  the  accumulation  of  consider- 
able quantities  of  sediment.  While  the  experiments  were  imquestion- 
ably  very  carefully  performed,  thejr  weakness  lay  in  the  fact  that  they 
did  not  simulate  natural  conditions;  and,  in  his  opinion,  the  problem 
is  so  difficult  and  the  variations  in  the  conditions  are  so  extreme  that 
he  could  not  conceive  how  laboratory  methods  of  the  character 
described  could  afford  a  satisfactory  solution.     (7747-7750.) 
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The  witness  stated  that  he  had  examined  the  typhoid-fever  statis- 
tics of  St.  Louis  by  consulting  two  sets  of  data — those  in  the  reports 
of  the  commissioner  of  health  and  the  records  in  the  mortuary  office. 
There  was  a  marked  discrepancy  in  these  data.  The  terms  requttent 
and  intermittent  fevers  are  names  applied  to  malarial  infections  and 
are  used  in  statistical  work  as  representing  the  different  manifesta- 
tions of  malaria.  The  term  typho-malaria  is  in  variable  usage.  In 
the  best  usage  it  is  confined  to  the  condition  which  exists  when  the 
patient  Is  suffering  from  a  joint  infection  by  the  typhoid  and  malarial 
organisms;  but  it  has  been  used  to  represent  conditions  that  exhibit 
what  is  known  as  the  typhoid  state,  referring  rather  to  the  symptom- 
atology than  to  the  case.  The  term  congestive  fever  is  imdoubtedly 
restricted  to  the  severe  form  of  malarial  infection  that  is  manifested 
by  the  congestive  chill.  The  term  simple  continued  fever  is  no  longer 
correctly  used  and  does  not  represent  any  specific  disorder,  but 
grouped  imder  it  there  have  been  unquestionably  many  low  conditions 
which  were  characteristic  of  or  characterized  by  continued  fever. 
Many  of  them  were  simply  bacterial  infection,  but  not  associated  nec- 
essarily with  typhoid  or  malaria.     (7750-775 1 .) 

Fatality  from  malaria  differs  greatly  in  different  localities.  In  the 
temperate  zones  it  is  usually  confined  to  feeble  persons — either  the 
extremely  young  or  the  extremely  old,  although  of  course  persons  of 
intermediate  ages  may  succumb  to  malarial  conditions  if  they  are  in 
feeble  condition.  Doctors  xmdoubtedly  confuse  typhoid  fever  with 
other  diseases  at  times,  but  this  misinterpretation  is  probably  much 
more  frequent  among  cases  that  do  not  result  in  death  than  among 
fatal  cases,  because  when  a  person  dies  from  typhoid  fever  the  condi- 
tion is  likely  to  display  itself  in  such  a  maimer  that  the  diagnosis  is 
generally  corrected  at  some  time  before  the  death  if  there  was  a  mis- 
take in  the  original  diagnosis.  There  are,  however,  some  cases  which 
are  never  correctly  diagnosed.  It  is  not  uncommon  for  a  physician 
after  he  has  improperly  treated  a  patient  through  faulty  diagnosis  to 
change  his  diagnosis  on  the  occurrence  of  death  when  the  symptoms 
become  apparent  and  to  record  the  death  on  the  certificate  in  con- 
foraiity  to  his  later  diagnosis.  The  witness  had  considered  the 
typhoid  deaths  as  reported  and  the  data  concerning  each  of  the  other 
febrile  diseases.  Even  if  all  of  the  latter  were  included  in  the  former, 
there  was  still  an  increase  in  the  number  of  typhoid  cases  from  1900  to 
1903,  inclusive,  over  and  above  those  occurring  from  1896  to  1899, 
inclusive.  He  had  also  considered  the  compilations  of  deaths  from 
the  various  febrile  diseases  with  a  view  of  forming  an  opinion  as  to 
whether  any  considerable  portion  of  them  were  typhoid,  but  from  the 
standpoint  of  the  age  of  thjB  person  and  the  distribution  of  the  cases 
by  months  he  believed  that  comparatively  few  of  them  should  be 
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included  in  the  typhoid  class.  The  proportion  of  typhoid  deaths  due 
to  local  causes — such  as  wells,  etc. — in  St.  Louis  could  not  have  been 
greater  since  the  opening  of  the  canal  than  previous  thereto,  and  the 
rate  which  prevaUed  during  the  first  period  was  about  the  same  as 
that  found  in  some  of  the  cities  of  the  better  class  in  the  United  States. 
(7751-7755.) 

JOHN  W.  ALVORD. 
DIRECT   EXAMINATION. 

John  W.  Alvord,  called  as  a  witness  on  behalf  of  the  complainant  in 
rebuttal,  stated  that  for  twenty-four  years  he  had  been  a  practicing 
hydraulic  and  sanitary  engineer  in  Chicago;  that  he  had  not  gradu- 
ated from  any  technical  institution,  but  his  engineering  education  had 
been  confined  to  study  and  travel,  coupled  with  practical  experience. 
His  first  engineering  work  was  in  1879,  when  he  was  connected  with 
the  construction  of  the  Hyde  Park  pumping  station  of  the  Chicago 
waterworks.  Subsequently  he  was  in  charge  of  the  construction  of 
the  Lakeview  station,  and  for  four  years  was  city  engineer  of  Lake- 
view,  which  was  at  that  time  a  separate  municipaUty  from  Chicago. 
He  had  visited  Europe  in  1888  and  1894  and  studied  the  question  of 
water  purification  ami  sewage  disposal.  From  1890  to  1893  he  had 
charge  of  a  department  in  the  construction  of  the  World's  Columbian 
Exposition.  He  resumed  private  practice  in  1894  and  had  since  been 
engaged  in  various  capacities  with  about  35  different  city  water- 
works and  45  municipal  •  sewer  systems,  including  the  purifica- 
tion of  water  and  the  disposal  sewage.  In  1898  he  made  a  report 
to  the  city  of  Columbus,  Ohio,  on  the  extension  of  its  sewerage  sp- 
tem  and  the  purification  of  its  sewage.  From  1898  to  1902  he  was 
consulting  engineer  to  the  Illinois  State  canal  commission,  advising  as 
to  the  works  of  the  sanitary  district  in  and  through  JoUet  and  the  liti- 
gation concerning  the  removal  of  dams  and  locks  at  Joliet.  More 
recently  he  had  been  engaged  in  the  development  of  water  power  at 
Petoskey,  Mich.,  Big  River,  Mo.,  and  Des  Moines,  Iowa.  He  had 
had  some  experience  in  typhoid  epidemics,  having  studied  them  at 
Chicago  in  1892  and  1893;  at  Hurley,  Wis.,  Ironwood,  Mich.,  Culver 
Academy,  Ind.,  and  Grand  Forks,  N.  Dak.,  in  1894,  and  at  Duluth  in 
1806.  So  far  as  he  had  studied  these  epidemics  all  of  them  had  been 
caused  by  polluted  water  supplies.  He  was  famiUar  with  Chicago 
River,  the  Chicago  drainage  canal,  and  Desplaines  and  Illinois  rivers, 
having  in  1888  been  engaged  in  litigation  on  behalf  of  the  State  of 
Illinois,  and  he  had  studied  the  progress  of  the  construction  of  the 
drainage  canal  and  related  questions.  He  had  observed  Illinois  River 
at  Morris,  where  he  designed  a  system  of  sewers;  at  Ottawa,  where  he 
was  engaged  in  water-power  litigation;  at  Marseilles,  where  he 
advised  as  to  the  enlargement  of  the  water  power;  and  at  Seneca, 
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La  Salle,  Peru,  Hennepin,  Peoria,  Pekin,  and  Havana.  He  was  also 
familiar  with  Mississippi  River  from  Alton  to  St.  Louis.  He  had  given 
attention  to  the  bacteriology  and  chemistry  of  water  and  had  tried  to 
keep  himself  posted  on  them  in  a  general  way  ever  since  they  had 
come  into  use  among  engineers.  He  had  taken  a  partial  course  in 
chemistry  at  the  University  of  Chicago  in  1894,  and  in  1900  had  studied 
bacterial  quantitative  analysis  under  the  direction  of  Professor  Novy, 
of  the  University  of  Michigan.  He  was  employed  in  1902  by  the 
special  commission  to  investigate  the  water  supply  of  St.  Louis,  his 
part  of  the  work  being  to  study  the  financial  history  of  the  present 
works — their  cost  and  the  cost  of  operation.  In  the  course  of  this 
work  he  had  become  familiar  with  the  characteristics  of  the  water- 
supply  system  and  had  visited  the  sedimentation  basins  at  Chain  of 
Rocks  and  Bissells  Point.  He  had  also  made  some  study  of  the 
typhoid  conditions  on  the  drainage  area  above  St.  Louis,  principally, 
however,  from  the  data  submitted  in  the  present  case  by  both  com- 
plainant and  respondents.     (7761-7764.) 

The  witness  then  introduced  a  diagram  and  table  showing  the  rela- 
tion of  typhoid  deaths  in  St.  Louis  to  those  on  the  drainage  area  above 
that  point.     The  results  are  contained  in  Table  92.     (7766.) 

Tablb  92. — Relation  of  typhoid  deaths  in  St.  Louis  to  tlibse  on  the  drainage  areas  cf 
Missouri^  upper  Mississippi ^  and  Illinois  rivers. 


Year. 

Deaths  in 
St.  Louis. 

Population 
to  St. 
Louis. 

Deaths  in 

St.  Louis 

per  500,000 

population. 

Deaths  on 

drainage 

area. 

Deaths  in 
Chicago. 

Deaths  on 
drainage 
area,  in- 
cluding 
Chicago. 

1890 

277 
160 
488 
215 
178 
106 
106 
125 
95 
130 
168 
198 
222 
288 

451,770 
466,000 
477,000 
489,000 
500,000 
512,000 
524,000 
538,000 
550,000 
561,000 
572,238 
585,000 
600,000 
612,000 

307 
174 
512 
220 
178 
103 
101 
116 
86. 
116 
147 
169 
185 
235 

1»1 

/■-- 

1»2 

1893 

605 
474 
408 
354 
410 
411 
420 
503 
494 
431 



505 

18M 

474 

18K 

408 

WW 

^54 

1897 

410 

1806 

411 

1809 

420 

1900.  .             

339 
509 
801 

842 

1901 

1,003 

1902 , 

1,232 

1903 

1                   ! 

This  table  was  then  explained  by  the  witness,  who  made  the  fol- 
lowing statement:  In  order  to  determine  the  causes  of  typhoid  fever 
the  deaths  along  the  different  rivers  have  been  separated  from  each 
other,  so  as  to  determine  the  source  of  the  most  marked  {>ollution. 
The  figures  show  that  the  deaths  from  typhoid  in  the  Illinois  basin, 
exclusive  of  the  sanitary  district  of  Chicago,  are  fairly  uniform  up 
to  1899,  but  show  an  increase  in  1900,  the  year  in  which  the  drain- 
age canal  was  opened.  The  deaths  on  the  Missouri  basin  appear  to 
be  reasonably  uniform  for  the  whole  period  under  consideration,  and 
those  on  the  Mississippi  basin  above  the  mouth  of  Illinois  River, 
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while  fluctuating  somewhat  more  than  the  two  above  described,  are 
generally  imif orm  before  and  near  the  time  of  the  increase  in  deaths 
in  St.  Loms.  In  summing  up  the  total  of  typhoid  deaths  on  the 
three  drainage  areas  above  St.  Louis,  it  would  appear  that  while 
there  is  some  fluctuation  and  a  low  period  about  1896,  at  no  time 
since  the  increase  in  typhoid  in  St.  Louis  in  1900  had  the  number 
of  deaths  materially  exceeded  a  fair  average  rate.  The  witness 
observed,  however,  that  the  addition  of  the  deaths  from  the  aftai- 
tary  district  almost  doubles  the  total  for  typhoid  in  these  drainage 
areas,  influencing  the  pollution  of  the  St.  Louis  water  supply  and 
increasing  during  1901  and  1902,  so  that  in  the  latter  year  the  total 
typhoid  deaths  are  nearly  two  and  one-half  times  the  deaths  on  the 
drainage  areas  above  St.  Louis  exclusive  of  the  sanitary  district. 
After  the  opening  of  the  drainage  canal  there  appeared  an  increase 
in  typhoid  in  St.  Louis,  caused  imdoubtedly  by  the  added  typhoid 
contamination  from  the  sanitary  district.     (7769-7770,) 

The  witness  stated  that  he  had  for  some  years  past  considered  the 
longevity  of  the  typhoid  organism  to  be  from  sixty  to  ninety  days  in 
favorable  environments.  Although  imder  unfavorable  conditions  large 
amoimts  of  these  bacUli  might  be  removed  from  any  given  source  of 
supply  in  a  comparatively  short  time,  it  would  not  be  safe  to  assume 
that  a  water  once  polluted  could  be  recommended  for  public  use 
under  a  period  shorter  than  sixty  to  ninety  days,  unless  the  con- 
tamination were  eliminated  by  a  carefully  designed  and  operated 
system  of  purification.     (7771.) 

The  witness  then  stated  that  he  was  familiar  with  the  experiments  of 
Hiram  F.  Mills  on  the  longevity  of  typhoid  bacilU  recorded  in  the 
reports  of  the  Massachusetts  State  board  of  health,  and  also  with 
those  of  Doctor  Horrocks  described  in  the  Proceedings  of  the  Sani- 
tary Institute  for  1899.  He  believed  that  the  conditions  imder 
which  typhoid  bacilli  are  carried  away  from  Chicago  approximate 
those  under  which  Messers.  ^Clls  and  Horrocks  carried  on  their 
experimental  work.  The  sewerage  system  of  Chicago  has  very  flat 
gradients  and  requires  frequent  artificial  flushing.  Diuing  heavy 
rainfalls  the  entire  contents  of  the  sewers  are  discharged  into  the 
river,  bringing  into  it  a  mass  of  pollution  that  has  been  accumu- 
lating for  months.  Before  the  opening  of  the  drainage  canal  such 
periods  of  contamination  were  extremely  dangerous  to  the  water 
supply  of  Chicago,  as  shown  by  the  increase  in  typhoid  deaths  fol- 
lowing them.  The  heavy  flushings  of  rainfall  occur  ordinarily  in 
the  early  spring,  after  the  breaking  up  of  the  winter,  and  at  times 
when  the  temperature  is  most  favorable  to  the  longevity  of  the 
typhoid  germs.  Such  flushing  of  the  C^cago  sewer  system  with  its 
present  large  proportion  of  pure  water  and  low  terpperature  fur 
nishes  conditions  which  are  more  favorable  to  the  longevity  of  the 
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typhoid  germ  than  those  under  which  the  experimental  work  of 
MUIs  and  Horrocks  was  conducted.  The  discharge  of  this  amount 
of  pollution  furnishes  the  necessary  velocity  for  rapid  conveyance 
through  the  sanitary  canal  and  Desplaines  and  Illinois  rivers  to  the 
■intake  of  the  St.  Louis  water  supply.  The  increment  of  compara- 
tively pure  water  from  the  tributary  streams  also  increases  the  dilu- 
tion and  decreases  the  chances  for  toxic  destruction  of  the  total 
number  of  typhoid  germs  present.  As  another  factor  in  increasing 
this  rapid  conveyance  of  the  pollution  the  witness  stated  that  in  the 
case  of  heavy  rainfall  on  the  drainage  area  of  Chicago  River  it  is 
often  necessary,  in  order  to  prevent  outflow  into  Lake  Michigan,  to 
lower  the  Bear  Trap  dam  at  Lockport,  so  as  to  produce  greater 
velocity  at  all  stations  on  the  drainage  area.  This  undoubtedly  aids 
in  the  rate  with  which  the  pollution  is  conveyed  away  from  Chicago 
and  down  Illinois  River.     (7771-7773.) 

Referring  to  the  float  measurements  given  in  the  testimony  of 
Isham  Randolph,  the  witness  stated  that  he  was  imable  to  find  any- 
thing that  gives  a  clue  to  the  amoimt  of  discharge  in  Desplaines  and 
Illinois  rivers  either  at  Joliet  or  Peoria  and  was  therefore  imable  to 
determine  the  stage  of  the  river  at  the  time  of  these  measurements. 
The  experiments  were  performed  in  July,  1903,  and  this  time  is  not 
covered  by  the  table  of  discharges  in  Mr.  Randolph's  testimony,  nor 
are  there  any  gage  readings  given  at  Peoria,  although  the  testimony 
includes  a  rating  table  for  this  place.  The  testimony  consists  of  the 
bare  statements  that  the  float  passed  over  the  distance  in  fifteen  days, 
which  is  raised  to  eighteen  and  one-half  days  by  dividing  it  by  eight- 
tenths.  The  witness  failed  to  see  the  pertinency  of  Mr.  Randolph's 
conclusion  that  a  correction  should  be  made,  tending  to  reduce  the 
maximum  surface  velocity  to  the  mean  velocity  of  flow.  The  use  of 
the  correction  by  eight-tenths  in  the  manner  described  in  Mr.  Ran- 
dolph's testimony  is  a  very  rough  approximation,  used  by  hydrauUc 
engineers  when  siuface  floats  are  run  in  the  most  rapid  part  of  the 
channel  of  the  river  in  order  to  determine  the  average  flow  for  the 
whole  cross  section  and  thus  get  at  the  quantity  passing  a  given  point 
at  a  given  time.  In  the  case  imder  consideration,  the  endeavor  is  not 
to  determine  the  quantity  of  water  so  pas3ing,  but  to  determine  what 
length  of  time  any  given  pollution,  flowing  in  mid-channel,  will  take  to 
pass  over  the  distance  from  Chicago  River  to  Chain  of  Rocks  at  St. 
Louis.  This  required,  in  the  opinion  of  the  witness,  a  determination 
of  the  mean  velocity  of  the  central  section  of  the  stream.  The  floats 
described  in  the  testimony  were  not  surface  floats  but  were  partly 
submerged,  and  gave  the  mean  velocity  of  the  central  pbrtion  of  the 
stream  with  a  fair  degree  of  accuracy.  Therefore  the  correction,  in 
his  opinion,  was  not  necessary  and  the  actual  time  of  fifteen  days 
would  fairly  represent  the  total  time  required  for  polluted  materials 
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to  pass  over  the  distance.  With  reference  to  the  respective  velocities 
shown  by  the  float  experiments  of  Professor  Van  Omum  for  the  com- 
plainant and  Mr.  Randolph  for  the  defendants,  the  witness  stated  that 
in  July,  1903,  when  the  work  of  Mr.  Randolph  was  performed,  the  water 
was  at  a  very  much  lower  stage  than  during  Professor  Van  Omum^s 
experiments.  The  latter  commenced  in  a  low-stage  period  between 
two  March  rises  in  the  river,  when  289,000  cubic  feet  per  minute  was 
flowing  over  the  Bear  Trap  dam,  which  gives  a  very  low  velocity  in 
the  drainage  canal.  At  the  same  time  about  394,000  cubic  feet  per 
minute  were  passing  over  Dam  No.  1  at  Joliet.  Five  days  after  the 
operations  of  Professor  Van  Omum  were  commenced,  nearly  double 
this  amoimt  was  passing  over  Dam  No.  1.  It  would  seem,  therefore, 
that  the  work  was  done  during  a  comparatively  high  stage,  but  not  by 
any  means  the  highest  stage  of  the  river.  The  observations  show  that 
Peoria  was  passed  when  the  flow  of  Illinois  River  was  about  50,000 
cubic  feet  per  second,  which  would  correspond  to  a  stage  of  the  river 
somewhat  overflowing  the  banks  in  the  lower  courses.  As  Professor 
Van  Omum  used  submerged  floats,  the  witness  believed  that  the 
actual  time  traveled  represents  the  mean  velocity  of  the  pollution 
vehicle.  He  had  had  occasion  to  make  very  careful  velocity  studies 
in  that  part  of  Desplaines  River  immediately  below  the  Bear  Trap 
dam  and  had  verified  the  results  of  Professor  Van  Omum.  Summing 
up  the  two  investigations,  the  witness  stated  that  nine  and  eight- 
tenths  days  were  consumed  between  Bridgeport  and  Chain  of  Rocks, 
this  being  based  on  the  mean  velocity  to  JoUet  and  Professor  Van 
Omum's  results  for  the  rest  of  the  distance.  The  witness  did  not  con- 
sider that  this  was  the  shortest  time  in  which  pollution  could  travel 
the  distance.  He  believed  that  such  high  flood  stages  as  occurred  in 
1892  would  reduce  the  time  at  least  to  eight  days  and  possibly  to  less. 
He  then  stated  that  nine  and  eight-tenths  days  represented  in  his 
opinion  a  velocity  which  could  be  counted  on  as  occurring  during  a 
number  of  periods  each  year.     (7775-7780.) 

The  chart  introduced  into  evidence  by  Rudolph  Hering,  represent- 
ing the  self-purification  of  Missouri,  Mississippi,  and  Illinois  rivers, 
based  on  the  longevity  of  life  of  the  typhoid  bacillus  as  fixed  by  the 
experiments  made  under  the  direction  of  Hiram  F.  Mills,  repre- 
sented, according  to  the  witness,  an  attempt  to  derive  the  possible 
amount  of  contamination  in  the  water  at  Chain  of  Rocks  from  the 
sanitary  district  of  Chicago,  by  assuming  that  the  original  pollution 
is  proportional  to  the  population  and  that  the  longevity  of  the  typhoid 
bacillus  is  that  found  by  the  experiments  of  Mr.  Mills.  The  chart 
also  makes  the  same  deductions  for  Mississippi  and  Missouri  rivers. 
In  the  case  of  Illinois  River,  the  length  of  time  of  flow  from  Chicago 
to  Chain  of  Rocks  is  taken  at  eighteen  and  one-half  days,  corre- 
sponding with  the  results  of  Mr.  Randolph's  experiments.     It  seemed 
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to  the  witness  that  Mr.  Hering  had  not  given  due  weight  to  the  efTect- 
iveness  of  different'  populations  in  the  production  of  pollution.  The 
sanitary  district  of  Chicago  has  been  afflicted  for  years  with  an  abnor- 
mal number  of  typhoid  deaths.  The  other  cities  in  the  IlUnois  drain- 
age area,  deriving  their  water  from  artesian  wells,  have  very  low 
typhoid  rates.  Therefore,  it  would  appear  to  the  witness  that  to 
make  the  chart  more  exact  some  method  should  be  introduced  by 
which  the  disparity  in  the  typhoid  data  could  be  allowed  for  in  rep- 
resenting the  effect  on  the  St.  Louis  water  supply.  The  time  used  by 
ilr.  Hering  in  the  diagram  and  table  (7001-7003)  gives  the  rate  of 
travel  of  |X)lluting  material  at  low  stages  of  the  river,  and,  therefore, 
does  not  fairly  indicate  the  greater  danger  to  the  St.  Louis  supply  at 
medium  or  high  stages.  It  would  seem  that  the  diagram  should  be  so 
constructed  that  these  modifications  would  be  clearly  apparent.  The 
witness  then  introduced  a  diagram  .which  he  called  a  schematic  rep- 
resentation of  the  reduction  of  typhoid  bacterial  pollution  in  Illinois 
River,  based  on  the  data  and  methods  proposed  by  Rudolph  Hering 
in  his  diagram  submitted  in  the  case,  but  with  suggestions  for  correc- 
tion, first,  by  using  Professor  Van  Ornum^s  float  experiments;  second, 
by  valuing  the  effect  of  contributory  population  on  the  basis  of  a 
standard  typhoid  death  rate  of  20  per  100,000  living;  third,  by  using 
velocity  of  pollution  vehicle  rather  than  average  velocity  of  cross 
section  of  the  river.  In  explaining  the  diagram  the  witness  stated 
that  the  figures  cover  only  the  reduction  of  typhoid  bacterial  pollu- 
tion in  Illinois  River,  and  are  prepared  as  nearly  as  possible  in  the 
manner  introduced  by  Mr.  Hering,  based  on  the  experiments  of  Hiram 
F.  Mills  as  to  the  longevity  of  typhoid  germs.  Tlie  ordinates  of  the 
diagram  represent  the  tributary  population  calculated  in  its  relation 
to  typhoid  death  production.  As  a  basis  for  this  a  standard  of  20 
deaths  per  100,000  living  had  been  assumed,  this  being  the  death  rate 
of  an  ordinarily  well  regulated  city  in  the  situation  of  Chicago,  having 
due  regard  to  the  protection  of  its  water  supply.  On  this  basis  the 
witness  had  determined  for  the  year  1902  the  typhoid  death  rate  of 
Chicago  and  other  places  along  IlUnois  River,  which  are  given  in  the 
table  and  accompanying  diagram.  The  population  of  the  sanitary 
district  is  taken  from  Mr.  Mills*  s  chart  and  not  from  the  Federal 
census.  The  abscissas  of  the  diagram  indicate  the  number  of  days 
consumed  in  the  flow  of  the  pollution  from  the  sewers  of  Chicago,  up 
to  the  fifteenth  day,  based  on  the  float  experiments  of  Professor  Van 
Omum  from  Lake  Joliet  to  Chain  of  Rocks,  and  on  the  witnesses 
estimates  of  the  velocity  in  the  drainage  canal  and  Desplaines  River 
down  to  Peoria.  With  these  data  a  curve  had  been  plotted,  due  con- 
sideration being  given  to  percentage  of  reduction  in  the  typhoid  con- 
tamination from  the  population  center  through  the  proper  incre- 
ments of  time,  to  agree  with  the  experiments  of  Mr.  Mills.     This 
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curve  indicates  the  relative  typhoid  bacterial  pollution  so  far  as  it  cai 
be  predicated  on  the  |X)pulation.  The  witness  further  observed  that 
the  chart  represented  comparative  pollution  contributed  by  fatal 
cases  alone.  It  should  be  remembered  that  in  fatal  cases  infectior 
ceases  to  be  contributed  to  the  stream  on  and  after  the  date  of  death 
while  in  cases  not  fatal  infecting  matter  may  be  and  is  contributed  tc 
the  stream  for  days,  weeks,  and  even  months.  The  diagram  fails  tc 
take  into  account  this  extra  pollution  and  therefore  must  be  con- 
sidered as  conservative.  On  the  assumption  that  the  active  typhoid 
contamination  is  proportional  to  the  population  and  that  the  diminu- 
tion in  the  number  of  typhoid  germs  day  by  day  is  as  shown  in  tht 
experiments  of  Mr.  Mills,  the  modifications  introduced  into  the  dia- 
gram by  the  witness  would  show  a  considerably  increased  amount  oi 
typhoid  pollution  entering  the  intake  at  St.  Louis.  Whereas  Mr. 
Hering^s  diagram  shows  that  the  typhoid  pollution  entering  the 
intake  at  the  end  of  a  low-river  flow  of  eighteen  and  one-half  days  is 
equivalent  to  an  infection  from  a  tributary  population  immediately 
above  the  intake  of  a  city  of  13,000  people,  the  conclusions  of  the 
diagram  would  seem  to  indicate  that  the  normal  flow  of  fifteen  days 
would  be  equivalent  to  an  infection  from  a  city  with  a  population  of 
90,000  located  above  the  intake,  having  a  fatal  typhoid  rate  of  20  per 
100,000;  while  on  the  basis  of  ordinary  spring  floods  such  as  were 
gaged  by  Professor  Van  Omum,  the  infection  similarly  arising  at 
Chain  of  Rocks  would  be  equivalent  to  that  derived  from  the  popula- 
tion of  a  city  of  415,000,  with  a  death  rate  of  20  per  100,000.  With  a 
maximum  flood  such  as  occurs  only  at  infrequent  intervals,  it  would 
appear  that  the  comparative  pollution  reaching  the  St.  Louis  intake 
would  be  equivalent  to  the  infection  from  a  population  of  960,000 
with  a  similar  typhoid  death  rate.  The  witness  stated  that  he  used 
the  rate  of  20  per  100,000  because  there  are  a  very  considerable  num- 
ber of  cities  which  have  so  exercised  care  and  discretion  in  the  pro- 
tection of  their  water  supplies  that  they  have  reduced  the  typhoid 
rate  to  a  point  lower  than  that.  It  would  therefore  seem  to  be  fairly 
reasonable  to  assume  that  all  cities  having  regard  for  the  purity  of 
their  supplies  would  be  able  in  the  light  of  present  science,  to  reduce 
their  typhoid  death  rates  to  this  figure,  or  even  materially  lower. 
(7780-7787.) 

In  the  opinion  of  the  witness,  the  chemical  data  introduced  by  the 
defendants  with  reference  to  the  character  of  the  contents  of  the  drain- 
age canal  do  not  indicate  that  any  septic  action  has  taken  place.  The 
amount  of  improvement  in  the  sewage  in  its  travel  through  the  canal 
he  believed  to  be  largely  due  to  aerobic  action,  although  possibly  there 
might  be  anaerobic  action  to  a  very  Umited  extent,  but  not  enough 
to  influence  the  results  perceptibly.  The  dilution  of  the  sewage  of 
Chicago  by  the  richly  oxygenated  water  of  Lake  Michigan  is  not  a 
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useful  preliminary  to  septic  action,  but,  on  the  contrary,  is  distinctly 
opposed  to  the  inception  of  such  action.  In  good  practice,  it  is  the 
endeavor  to  design  a  septic  tank  so  as  to  bring  the  sewage  in  as  quietly 
as  possible,  undiluted  with  surface  or  underground  waters  containing 
dissolved  oxygen.  The  absence  of  marked  current,  the  presence  in 
certain  places  of  more  foul  products  and  considerable  surface  scum, 
the  absence  of  undissolved  oxygen  as  shown  by  chemical  examinations, 
and  the  physical  production  of  gases  bubbling  up  through  the  depths 
characterize  the  action  of  the  septic  tank  in  the  active  reduction  of 
its  organic  matter.  It  was  the  belief  of  the  witness  that  typhoid 
germs  could  survive  materially  longer  under  the  present  conditions 
of  dilution  in  the  Chicago  drainage  canal  than  under  those  which  for- 
merly prevailed  in  the  Illinois  and  Michigan  Canal  and  South  Branch 
of  Chicago  River.     (7787-7791.) 

The  witness  thought  that  the  discharge  of  sewage  from  the  canal 
would  make  more  costly  the  ponstruction  and  operation  of  a  water- 
purification  system  for  St.  Louis,  because  such  a  plant  dealing  with  a 
seriously  |X)lluted  water,  especially  one  of  known  high  typhoid  pollu- 
tion, should  be  more  complete  and  delicately  adjusted  to  its  work  than 
one  deaUng  only  with  a  water  of  rare  infection  and  presenting  less 
dangerous  difficulties,  such  as  turbidity  and  color.  The  added  pro- 
tection necessary  should  be  in  the  form  of  double  filtration  or  com- 
plete sedimentation  followed  by  careful  filtration.  Such  double  fil- 
tration had  been  resorted  to  in  several  places  in  Germany  and  had 
been  recommended  for  Springfield,  Mass.,  and  introduced  into  the 
filtration  system  at  Philadelphia.     (7791-7792.) 

The  witness  was  then  asked  whether  in  his  opinion  there  was  any 
practical  modification  of  the  existing  system  of  sewage  disposal  in 
(Chicago  by  which  the  drainage  canal  could  still  be  employed  for  keep- 
ing the  Chicago  River  in  an  inofl'ensive  condition  and  yet  the  pouring 
of  unpurified  sewage  into  Desplaines  and  Illinois  rivers  could  be 
avoided.  In  reply  he  stated  that  such  a  scheme  would  be  entirely 
practicable,  and  he  would  suggest,  as  the  proper  remedy,  the  construc- 
tion of  suitable  intercepting  sewers  along  Chicago  River  and  its 
branches,  by  means  of  which  the  sewage  flow  of  the  city  may  be  kept 
out  of  the  river  and  led  along  its  banks  to  the  upper  end  of  the  drain- 
age canal  below  Bridgeport,  and  then  raised  by  pumping  to  a  suitable 
purification  plant  constructed  in  accordance  with  the  latest  bacterio- 
logical principles,  and  capable  of  effectually  removing  from  the  sewage 
practically  all  of  its  wastes  and  pathogenic  bacteria.  The  effluent 
from  such  a  plant  could  be  emptied  into  the  drainage  canal  near 
Bridgeport.  He  had  considered  the  expense  in  a  general  way  and 
was  of  the  opinion  that  such  intercepting  sewers  and  purification 
plant  could  be  constructed  at  a  cost  no  greater  than  that  necessary  to 
IBB  194—07 22 
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widen  South  Branch  of  Chicago  River,  as  had  been  done,  and  he  was 
further  of  'the  opinion  that  the  operating  expense  of  such  a  plant 
would  be  no  greater  than  that  of  the  present  system  of  pumping  sew- 
age and  the  necessary  dilution  water  for  the  northern  and  southern 
portions  of  the  sanitary  district. 

CROSS-EXAMINATION. 

The  witness  had  estimated  that  the  cost  of  such  an  intercepting 
sewerage  system,  the  construction  of  pumps,  and  the  installation  of 
pumping  machinery  as  described  by  him  would  be  between  $12,000,00 
and  $15,000,000.  The  plans  contemplated  the  purification  of  the 
sewage  of  the  entire  sanitary  district.  He  had  given  detailed  consid- 
eration to  the  proper  method  of  sewage  purification.  He  believed 
that  land  might  be  secured  at  some  suitable  point  for  a  reasonable 
sum.  At  the  time  the  original  recommendation  was  made  by  the 
engineering  commission  for  the  construction  of  the  canal,  sewage 
purification  was  not  so  well  developed  as  at  the  present  time,  and 
there  was  little  to  justify  the  commission  in  considering  such  a  plan. 
(7796-7802.) 

The  witness  said  he  had  not  compared  the  typhoid  conditions  in 
Chicago  and  St.  Louis  by  months,  in  the  manner  indicated  by  the 
charts  of  Professor  Mason,  because  he  believed  that  it  would  throw 
no  light  on  the  main  question,  owdng  to  the  many  fluctuations  and 
variable  elements  involved;  he  would  prefer  to  take  the  averages  for 
a  year,  which  would  show  in  a  more  marked  manner  any  main  dis- 
tinguishing characteristics.     (7805.) 

While  the  city  of  St.  Charles,  on  Missouri  River,  undoubtedly  had 
some  effect  on  the  typhoid  death  rate  of  St.  Louis,  there  was,  in  his 
opinion,  no  reason  to  believe  that  the  effect  had  been  greater  since  the 
opening  of  the  drainage  canal,  and  therefore  the  increase  that  had 
occurred  in  the  St.  Louis  death  rate  could  not  be  accounted  for  in 
that  way.  The  witness  stated  that  he  did  not  regard  the  water  from 
Missouri  River  at  its  mouth,  from  Mississippi  River  above  Grafton, 
or  from  Illinois  River,  even  though  the  sewage  of  Chicago  were 
excluded,  as  fit  for  domestic  consumption  in  the  raw  state.  (7806- 
7809.) 

The  greatest  item  of  expense  in  constructing  a  filter  depends  on  the 
kind  of  water  and  its  amount  of  pollution.  With  a  turbid  water  free 
from  typhoid  pollution  the  turbidity  will  undoubtedly  be  the  cause  of 
the  greatest  expense,  whereas  with  a  water  comparatively  clear  but 
subject  to  typhoid  infection  the  infection  will  be  the  cause  of  the 
greatest  expense.  In  providing  filtration  for  Illinois  River  at  Grafton 
the  purification  of  the  water  from  typhoid  infection  would  be  at  least 
equal  in  cost  to  the  removal  of  turbidity,  while  for  the  Mississippi  the 
cost  would  be  greater  for  turbidity  and  less  for  typhoid  infection. 
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The  witness  stated  that  he  disagreed  with  John  W.  Hill  m  his  assertion 
that  in  the  construction  of  the  Philadelphia  plant  the  infection  of  the 
water  was  no  element  of  cost  in  the  operation  and  installation.  ( 7814- 
7816.) 

E.  E.  LOCHRIDGE. 
DIRECT   EXAMINATION. 

E.  E.  Lochridge,  called  as  a  witness  on  behalf  of  the  complainant  in 
rebuttal,  stated  that  he  had  graduated  from  Beloit  College  with  the 
degree  of  bachelor  of  science  in  1898,  having  given  particular  attention 
to  the  study  of  chemistry.  During  his  senior  year  he  had  acted  as  pri- 
vate assistant  to  Prof.  E.  G.  Smith  and  had  studied  questions  of  water 
supply.  Immediately  after  graduation  he  had  served  as  instructor  in 
chemistry  for  two  terms  at  Drury  College,  Springfield,  Mo.  He  then 
returned  to  Beloit  as  regular  instructor  in  chemistry,  and  in  1900  took 
the  regular  and  some  special  courses  in  bacteriology  under  Prof.  E.  O. 
Jordan,  of  the  University  of  Chicago.  He  then  resumed  his  studies  as 
private  assistant  with  Professor  Smith,  and  in  the  course  of  this  work 
had  had  occasion  to  visit  many  public  and  private  water  supplies  and 
to  study  and  investigate  several  epidemics  of  typhoid  fever,  among 
which  were  those  at  Rock  Island,  111.,  and  Baraboo  and  Ashland,  Wis. 
He  had  studied  the  operation  of  filters  for  municipalities  in  a  practical 
way  in  nine  diflferent  places.  During  1902  and  1904  he  attended  the 
Massachusetts  Institute  of  Technology  as  a  graduate  student,  taking 
the  regular  courses  in  sanitary  engineering.  In  June,  1903,  he  was 
appointed  by  a  commission,  consisting  of  George  W.  Fuller  and  Sam- 
uel M.  Gray,  to  make  special  studies  on  the  problem  of  the  purification 
of  the  water  supply  of  Springfield,  Mass.  This  work  involved  experi- 
mental investigation  of  various  means  of  double  filtration.  (7821- 
7823.) 

The  witness  asserted  that  he  had  examined  the  tables  of  typhoid  sta- 
tistics introduced  into  the  record  and  testimony  of  Doctor  Barker  and 
stated  that  these  statistics  differ  only  slightly  from  the  results  obtained 
by  compiling  the  deaths  attributable  to  typhoid  fever  in  the  record 
books  of  the  mortuary  office.  lie  did  not  believe  that  a  comparison  of 
the  typhoid-fever  deaths  previous  to  1896  with  those  subsequent  to 
that  year  would  be  practical  as  a  means  of  determining  whether  or 
not  typhoid  fever  had  increased  in  St.  Louis  after  the  opening  of  the 
Chicago  drainage  canal;  because  previous  to  1896  the  intake  of  the 
St.  Louis  waterworks  was  so  located  as  to  expose  the  supply  to  infec- 
tion from  the  city  sewers,  and  for  that  reason  it  was  removed  farther 
|up  the  Mississippi,  above  such  contamination.  In  order  to  show  the 
great  change  in  the  typhoid-fever  mortality  of  St.  Ix>uis  at  the  time  the 
intake  was  removed,  the  witness  presented  a  diagram,  which  appears 
^page  7825  of  the  record.     In  the  interpretation  of  this  diagram  the 
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witness  pointed  out  that  the  death  rate  from  typhoid  fever  in  St.  Louis 
was  uniformly  high  up  to  the  time  of  the  change  of  the  intake  from 
BisselFs  Point  to  Chain  of  Rocks.  Following  this  change  there  was  a 
period  of  five  years  in  which  the  rate  was  much  lower.  In  1900  there 
was  a  considerable  increase,  which  had  continued  through  subsequent 
years  to  the  end  of  1903.     (7823-7826.) 

The  subsequent  testimony  of  the  witness  was  addressed  to  several 
series  of  charts  showing  the  occurrence  of  typhoid  fever,  malaria,  and 
the  other  febrile  diseases  already  noted  in  connection  with  the  testi- 
mony of  various  medical  experts  of  the  defense,  together  with  the  dis- 
tribution of  those  cases  according  to  the  sanitary  districts  of  the  city. 
These  charts  will  not  be  introduced  in  this  digest,  but  will  be  explained 
and  discussed  so  far  as  practicable.  (The  reader  is  referred  to  the  rec- 
ord, pages  7827-7928,  for  the  illustrations.) 

The  witness  introduced  six  charts  showing  the  occurrence  and 
monthly  distribution  during  1896  to  1903,  inclusive,  of  deaths  in  St. 
Louis  from  typhoid,  remittent,  intermittent,  typho-malarial,  conges- 
tive, and  the  continued  fevers.  The  totals  by  years  from  these  dis- 
eases are  shown  in  Table  93. 

Table  93.— Deaths  from  typhoid  und  other  fevers  in  St.  Louis,  1896-1903. 


1806. 

1897. 

18B8. 

1899. 

1900. 

1901. 1 

1902. 

1903 

Typhoid  fever 

102 
40 
12 
50 
26 

1 
27 
11 

0 
13 

0 

114 
29 
12 

1 
34 

8 

1 
18 

1 

90 
26 
16 
30 
13 

0 
23 

3 

3 
17 

1 

121 
15 
25 
31 
15 

0 
35 

6 

2 
14 

1 

154 
15 
10 
36 
15 
1 
40 
3 
2 
9 
0 

181  1 
23  1 
12 
23 

4  1 

0 
28 

5 

2 
18 

2 

216 
17 

9 
34 
15 

1 
38 

7 

2 
15 

3 

2S1 

Remittent  fever 

Intermittent  fever 

11 

Typbo-malarial  fever 

38 

Congestive  fever 

Continued  fever 

2 

Malarial  fever 

53 

Bilious  fever 

Enteric  ffever 

e 

Typlioid  pneumonia 

» 

Typhoid  complications  o 

^ 

a  Not  included  under  other  tables. 

In  discussing  the  above  results  the  witness  stated  that  the  figures 
did  not  correspond  with  the  results  introduced  into  testimony  by 
Professors  Barker  and  Jordan.  Adding  together  the  figures  given  in 
the  records  of  the  St.  Louis  mortuary  office  for  deaths  from  remittent , 
intermittent,  typho-malarial,  congestive,  and  continued  fevers  he 
found  that  for  1896  to  1899,  inclusive,  there  were  respectively  129, 
106,  85,  and  86  deaths,  and  if  the  number  of  deaths  from  malaria  are 
added  to  these  the  totals  for  1896  to  1899,  inclusive,  would  be  156, 
140,  108,  and  121  deaths,  respectively,  while  Professor  Jordan's  data 
give  for  the  corresponding  years  177,  172,  134,  and  148  deaths — a 
somewhat  greater  rate  than  appeared  from  the  witnesses  investiga- 
tions. In  contrast  to  this,  he  stated  that  during  the  period  1900  t<3 
1903,  inclusive,  he  had  found  for  the  diseases  above-mentioned  rec- 
ords showing  a  somewhat  higher  rate  than  that  given  by  Professoi 
Jordan;  or,  in  a  simimary  of  both  periods,  in  view  of  the  fact  that 
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malarial  fevers  were  probably  recorded  in  Professor  Jordan's  list,  as 
they  did  not  occur  under  another  caption  so  far  as  the  witness  could 
discover,  the  Jordan  list  diflfered  from  the  Lochridge  list  as  follows: 
Twenty-one  more  deaths  in  1896,  32  more  in  1897,  26  more  in  1898, 
27  more  in  1899,  25  less  in  1900,  10  less  in  1901,  12  less  in  1902,  and 
35  less  in  1903,  making  it  apparent,  according  to  the  witness,  that  the 
reduction  in  the  recorded  number  of  deaths  from  these  diseases  dur- 
ing the  successive  years  in  the  period  had  not  been  so  great  as  it  had 
been  made  to  appear  by  the  mortality  tables  of  Professors  Jordan  and 
Barker.  The  witness  then  presented  a  series  of  charts  designated  as 
charts  15  to  22,  inclusive,  showing  the  deaths  from  typhoid  fever  dis- 
tributed according  to  sanitary  districts  and  according  to  whether  the 
deaths  occurred  in  residences  or  hospitals;  if  in  hospitals  and  the 
residence  was  known,  the  deaths  were  referred  to  the  district  from 
which  the  patient  was  transferred.  (These  charts  appear  on  pages 
7845-7852  of  the  record.)  With  reference  to  the  evidence  shown  by 
them  the  witness  stated  that  there  were  40  typhoid  deaths  in  the 
hospitals  of  St.  Louis  during  1896,  21  of  which  it  was  impossible  to 
transfer  to  the  proper  residence  districts;  in  1897  20  of  the  35  hospital 
deaths  could  not  be  so  referred,  in  1898  16  of  the  26  deaths,  and  in 
1899  11  of  the  21  deaths;  while  in  1900  but  4  of  the  35  deaths  could 
not  be  so  referred,  in  1901  5  of  the  55,  in  1902  6  of  the  67,  and  in 
1903  3  of  the  75  deaths.  The  charts  showed  that  since  1900  the  dis- 
tribution throughout  the  seven  sanitary  districts  had  been  very  uniform 
and  that  in  no  district  was  there  an  unusual  number  of  deaths  when 
compared  to  those  in  the  other  districts.  Such  uniformity  indicated 
that  the  cause  of  typhoid  fever  was  one  equally  applicable  to  all  the 
citizens  who  use  a  polluted  water  supply. 

Similar  charts  were  introduced  by  the  witness  showing  the  deaths 
from  malaria  for  the  period  1896  to  1903,  inclusive.  (See  pages 
7856-7863  of  the  record.)  The  witness  stated  that  these  charts  indi- 
cate the  distribution  throughout  the  year  and  the  increase  in  malaria 
between  1896  and  1903.  The  distribution  is  not  so  uniform  in  the 
city  as  was  shown  by  the  charts  for  typhoid  fever.  Similar  charts 
concerning  the  deaths  from  typho-malaria  elicited  the  same  comment 
with  reference  to  distribution. 

The  witness  then  introduced  a  series  of  charts  numbered  39  to  46, 
inclusive,  showing  the  typhoid-fever  deaths  in  St.  Louis  for  1896  to 
1903,  inclusive,  classified  by  ages  of  decedents  and  month  of  the  year 
in  which  the  deaths  occurred.  (See  pages  7874-7881  of  the  record.) 
From  a  study  of  the  charts  the  witness  stated  that  a  large  proportion 
of  the  deaths  occurred  between  the  ages  of  11  and  50  and  that  the 
ages  between  6  and  60  will  include  practically  all  of  them.  The 
number  of  children  under  six  months  of  age  dying  from  typhoid  is  the 
same  during  the  first  four  years  as  during  the  last  four.    The  charts 
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showed  not  only  the  increase  in  the  number  of  tjrphoid  cases  since  the 
opening  of  the  drainage  canal,  but  also  the  increase  under  each  age 
and  by  the  season  of  the  year.  He  pointed  out  that  there  was  con- 
siderable increase  in  the  winter  months,  as  well  as  a  somewhat  less, 
though  mailed  increase,  in  the  summer  months.  Previous  to  the 
opening  of  the  canal  the  number  of  deaths  during  the  period  from 
January  to  May  and  the  month  of  December  is  low,  while  since  the 
opening  of  the  canal  there  had  been  a  very  marked  increase  in  the 
number  of  deaths  for  this  period — much  greater  in  proportion  than 
during  the  other  six  months. 

The  witness  then  introduced  a  series  of  charts  similar  to  the  last, 
giving  the  distribution  of  deaths  from  remittent  fever  during  the 
period  1896  to  1903,  inclusive,  also  similar  charts  for  intermittent 
fever.  (These  appear  on  pages  7884-7901  of  the  record.)  With  refer- 
ence to  the  monthly  distribution  of  deaths  from  intermittent  fever  the 
witness  pointed  out  that  in  1899  there  were  5  deaths  from  this 
disease  of  children  imder  six  months  of  age  and-  5  more  between  the 
age  of  six  months  and  one  year.  With  this  exception  the  distribution 
is  practically  the  same  in  all  the  charts.  There  were  17  deaths  during 
1899  from  intermittent  fever  of  persons  either  below  the  age  of  3  years 
or  above  the  age  of  61,  the  very  young  or  advanced  ages  during  which 
persons  are  not  susceptible  to  typhoid,  and  only  8  of  the  age  during 
which  typhoid  fever  is  most  prevalent.  There  was  not  a  single  death 
from  intermittent  fever  during  1899  of  a  patient  between  the  ages  of 
11  and  30  years,  the  most  fatal  typhoid  period. 

The  witness  then  introduced  charts  numbered  63  to  70,  inclusive, 
showing  by  months  and  ages  the  distribution  of  deaths  in  St.  Louis 
from  typho-malarial  diseases  for  1896  to  1903,  inclusive,  also  similar 
charts  for  malaria  and  malarial  fever.  These  charts  appear  in  the 
record,  pages  7904-7920.  The  witness  stated  that  they  show  a 
decided  increase  in  these  diseases  since  the  year  1900  in  the  ages  from 
about  20  to  40.  Similar  charts  showing  the  number  of  deaths  from 
congestive,  billious,  and  enteric  fevers  appear  on  pages  7922-7928  of 
the  record. 

In  connection  with  the  results  shown  by  the  charts  above  described 
the  witness  stated  that  in  the  earlier  years,  notably  the  first  four  years, 
1896  to  1899,  inclusive,  a  much  larger  proportion  of  deaths  occurred 
between  the  months  of  July  and  November,  but  during  the  years  1901 
to  1903,  inclusive,  there  is  a  decided  increase  in  the  number  of  deaths 
occurring  from  December  to  May  and  this  is  greater  than  the  propor- 
tional increase  throughout  the  year,  so  that  during  the  latter  period 
the  typhoid-fever  deaths  are  scattered  fairly  uniformly  throughout  the 
year,  there  being  but  a  few  more  deaths  in  the  summer  and  fall  than 
in  the  winter  months.  Two  charts  were  introduced  to  show  this  rela- 
tion, the  salient  results  of  which  are  given  in  Table  94. 
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Table  94.— Typhoid  rate^  -per  100,000  inhabitants  in  St.  Lmiis,  1896-1903. 

!  1896.    1897. 


winter  typhoid I    9.2  ]  13.9 

Summer  typhoid 29.5     28.8 


III' 
1898.    1899.    1900.    1901.  '  1902.    1903. 

'  I 


13.1 
19.7 


1.5.7 
27.8 


18.8  I  19.0 
34.8     42.4 


28.8  I    35.2 
42.8       55.6 


The  above  results  were  summed  up  by  the  witness  m  another  dia- 
gram showing  an  increase  in  the  number  of  typhoid  deaths  during  the 
cold  months  of  1900  to  1903,  inclusive,  of  118.2  per  cent  over  the 
period  from  1896  to  1899,  inclusive;  expressed  as  deaths  per  100,000 
the  increase  is  94.8  per  cent.  Similar  calculations  with  reference  to 
the  typhoid  deaths  during  the  warm  months  showed  an  increase  in  the 
number  of  deaths  84  per  cent  and  in  the  deaths  per  100,000  of  65.7  per 
cent,  making,  according  to  the  witness,  a  total  increase  after  the  open- 
ing of  the  drainage  canal  of  95  per  cent  in  the  number  of  deaths  and 
77.7  per  cent  in  the  rate  per  100,000.  The  data  for  these  results  were 
taken  from  the  records  of  the  mortuary  office  of  St.  Louis,  and  the 
estimates  of  population  used  were  the  same  as.  those  computed  by  Pro- 
fessors Barker  and  Jordan  and  used  in  their  testimony.    (7930-7938.) 

The  witness  then  took  up  the  consideration  of  the  ages  of  decedents 
from  the  various  febrile  diseases  noted,  for  the  purpose  of  showing  that 
in  the  majority  of  cases  these  ages  were  either  below  or  above  the 
periods  at  which  typhoid  is  generally  fatal.  He  stated  that  in  1890, 
for  example,  the  typhoid  deaths  lie  well  between  the  ages  of  6  and  60, 
while  over  50  per  cent  of  the  remittent-fever  deaths  in  the  same  year 
involved  either  younger  or  older  persons  than  these  age  limits.  In 
1897  there  were  11  less  deaths  from  remittent  fever  than  in  1896,  but 
that  loss  might  be  considered  as  entirely  among  the  very  young  chil- 
dren and  it  can  be  seen  by  referring  to  the  typhoid  deaths  for  that  year 
that  not  one  of  these  had  been  added  to  the  column  for  typhoid  fever; 
in  other  words,  no  transfer  could  have  been  made  to  typhoid  fever  by 
reason  of  better  diagnosis.  .  If  a  change  in  the  annual  number  of 
remittent-fever  deaths  had  been  due  to  better  diagnosis,  such  deaths 
had  been  referred  to  some  other  disease  than  t)T)hoid  fever.  The 
study  of  the  table  through  all  the  following  years  for  remittent  fever 
will  show,  according  to  the  witness,  this  same  variation,  confined  to 
the  number  dying  under  the  age  of  6  years,  the  number  of  deaths  dur- 
ing the  ages  in  which  the  mass  of  typhoid  fever  deaths  occur  remain- 
ing practically  the  same.     (7942-7943.) 

With  reference  to  deaths  from  intermittent  fever  the  witness  stated 
that  in  each  of  the  years  1896  and  1897  there  were  12  deaths,  but  these 
were  in  different  ages,  the  same  variation  in  the  number  of  deaths  in 
children  under  the  age  of  1  and,  in  some  cases,  under  the  age  of  6  being 
very  apparent.  He  also  stated  that  this  might  be  noticed  effectively 
in  the  increase  of  the  number  of  deaths  from  intermittent  fever  in  1899 
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to  25j  such  increase  being  entirf>ly  in  tlie  yoimger  sgeas.  la  1i 
deaths  of  persons  of  20  years  of  age  and  und^r  from  interimit4^ 
numbered  only  3,  while  in  the  deaths  from  t^ phoid  fever  then 
marked  increase  in  this  age  and  no  deaths  from  typhoid  wen*  m 
in  that  year  under  the  age*  of  1,  so  that  the  decrea^sr  in  the  miM 
intermittent-fever  deaths  in  the  year  1899  had  not  been  1^ 
about  by  the  transfer  of  the^e  deaths  to  the  typhoid  group, 
other  a^^e  periods  the  intermittent  and  typhoid  fever  deaths  li 
tically  the  same.     (7943.) 

The  witness  then  stated  that  the  number  of  deathi^  reani 
bein^  due  to  typho-mahiria  was  practit^ally  the*  same  during  ^ 
years  l>efore  and  the  four  years  after  the  opening  of  I  he  Chicngl 
age  canaL  In  malaria  there  had  been  a  rnarke<l  increase  Am 
past  few  years,  and  he  noted  that  there  were  about  the  samel 
of  deaths  in  the  younger  ages  from  malaria  and  tnalarial  fever 
these  years,  but  the  number  among  the  older  people  is  proporti 
kiglier  than  the  niurtality  in  these  ages  from  typhoid  fever. 

Referring  to  the  relation  between  the  deatiis  frtim  congestit 
and  those  from  t^-phoid,  the  witness  noted  a  large  variation 
ring  among  those  under  the  ages  of  6  niunth^  and  1,  2,  and  ' 
the  variation  being  about  the  same  as  in  the  ca^e  of  remit t< 
intermittent  fevers.  In  1896,  13  of  the  congestive-fever  deal 
inider  the  age  of  5  years  and  10  of  these  were  under  1  year, 
the  exception  of  two  years  when  the  congestive-fever  list  was 
variation  was  (hio  to  deaths  at  these  early  periods  of  life  ami 
the  aged,  the  periods  during  which  typhoid  fever  is  not  li 
attack.  The  reports  for  hilions  fever  showed  that  in  all  cast 
was  no  variation  in  the  r.unil)er.  The  deaths  wen*  at  th(^  yoi 
the  older  age  period  and  there  ha<I  been  no  increase  in  th(^  t 
fever  deaths  in  these  ages  to  correspond  ^^^th  the  decline  in 
fever.      (794r).) 

In  reply  to  a  (piestion  as  to  the  effect  of  tlie  Louisiana  P 
Exposition  on  the  typhoid  ra  +  e  in  St.  Louis,  the  witness  stat 
the  highest  fatality  from  ty])hoid  fever  per  100, 000  popidatioi 
of  the  four  years  prior  to  rlainiary  1,  1900,  was  in  1S99,  when 
was  21.6.  Tliis  includes  the  localized  epidemic  of  that  year, 
assumption  that  the  influx  of  those  comiected  with  the  v< 
tion  of  the  exposition  or  the  attendance  thereon  would  incn 
ty])hoi(l  rate  of  the  city,  the  witness  had  calculated  the  ]>o| 
that  would  be  required  to  make*  21.0  the  death  rate  per  100 
each  of  tl;e  six  years  since  that  time.  In  1900  there  were  15-^ 
from  typhoid  fever  in  the  city.  I'his  would  indicate  a  popul 
714,000,  or  an  increase  of  139,000  over  the  population  of  the 
1899.  Under  the  same  death  rate  the  total  of  216  deaths  fr 
cause  in  1902  would  indicate  a  po^wlalion  of  1,000,000,  and 
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deaths  in  1903  would  require  a  population  of  1,300,000,  or  an  increase 
of  more  than  the  entire  population  of  the  city.  Therefore,  on  the 
basis  of  Professor  Jordan's  estimate  of  the  population  of  the  city, 
which  was  618,500  in  1903,  or  something  less  than  60,000  increase  over 
that  in  1899,  it  will  be  seen  that  the  increase  in  typhoid  fever  has 
been  much  more  rapid  and  can  not  be  ascribed,  to  any  considerable 
extent,  to  the  addition  of  cases  brought  in  by  visitors  during  the  fair. 
The  witness  then  discussed  the  relation  of  typhoid  to  population  in 
another  way.  Considering  the  figures  given  "by  Professor  Jordan  for 
the  population  of  St.  Louis,  and  supposing  that  the  typhoid  rate  had 
remained  21.6,  he  stated  that  this  population  would  have  indicated 
about  130  deaths  from  typhoid  in  1903,  while  the  actual  number  was 
281.  Thus  it  can  be  seen  that  the  typhoid  rate  was  in  1903  more 
than  double  what  it  was  in  1899,  while  the  population  increased  but  a 
little  over  10  per  cent.     (7945-7947.) 

It  was  the  witness's  opinion  that  the  conditions  under  which  the 
experiments  of  Professors  Zeit,  Jordan,  and  Russell  with  reference  to 
the  longevity  of  the  typhoid  germ  in  polluted  water  were  performed 
did  not  simulate  natural  conditions  for  the  following  reasons:  Any 
sack  lodged  at  one  place  will,  if  the  osmotic  conditions  are  as  perfect  as 
is  supposed,  receive  the  influence  of  sewage  which  is  constantly 
fresher  than  that  which  would  be  in  contact  with  the  sack  should  the 
same  be  passing  downstream.  The  results,  to  some  extent,  vary 
from  earlier  results  obtained  by  various  bacteriologists.  In  but 
three  of  Professor  Jordan's  experiments  in  the  drainage  canal  was 
the  typhoid  organism  found  at  all  after  ten  minutes  had  elapsed. 
Of  these  three,  one  is  a  recorded  instance  of  its  occurrence  on  the 
tenth  day,  which  was  attributed  by  Professor  Jordan  to  the  fact  that 
bacteria,  and  especially  the  typhoid  bacteria,  may  be  dried  against  the 
neck  or  some  part  of  the  sack,  and  thus  be  subject  to  conditions  fav- 
oring greater  longevity.  This  the  witness  accepted  as  a  possible 
explanation,  but  suggested  another.  It  is  a  fact  that  if  several  forms 
of  micro-organisms  are  in  the  water  one  of  these  forms  will  apparently 
mask  others,  as  in  the  case  of  experiments  with  BdciUus  coli  and 
streptococci.  In  the  earlier  periods  the  former  mask  the  latter  so 
well  that  but  few  or  none  are  seen,  while  later  the  streptococci  develop 
much  more  abundantly  and  to  an  extent  overgrow  the  coli.  Later, 
however,  the  coli  may  again  appear.  In  view  of  this  principle,  it 
may  have  been  impossible  in  any  of  the  earlier  determinations  of 
Professor  Jordan  to  have  detected  the  typhoid  organism,  although 
there  is  no  conclusive  proof  that  they  were  of  necessity  absent  up  to 
the  time  of  this  appearance  on  the  tenth  day,  and  the  three  typhoid 
colonies  found  may  be  ascribed  to  the  fact  that  their  presence  was 
masked  before  that  date.  The  other  determinations  of  Professor 
Jordan,  showing  that  the  typhoid  was  certainly  alive  in  two  cases 


ainereni;  naa  Lne  wofk  coni;muea  tnrougnoui;  ine  year  or  dc 
at  some  other  season  than  that  which  was  selected.     (79^ 

The  evidence  presented  by  Professors  Jordan  and  Bu 
colon  tests,  according  to  the  witness,  did  not  by  any  mi 
total  elimination  of  the  B.  coli  in  the  waters  of  Illinois 
granted  that  there  was  a  reduction,  but  no  point  was 
which  there  was  an  eUmination.  These  colon  determi 
always  subject  to  a  great  many  conditions  that  frequent 
bacilli,  so  that  no  reaction  of  them  is  given.  In  a  river ' 
quently  happens  that  of  two  samples  of  equal  volume  tak 
same  source  at  the  same  time  one  will  give  the  positive  ai 
the  negative  reaction  for  coli,  so  that  a  negative  reacti 
means  an  indication  of  the  absence  of  the  genn.     (7949- 

The  witness  testified  to  his  f amiUarity  with  the  Wid 
stated  that  he  had  frequently  made  it  in  the  laboratory  an 
occasions  in  the  office  of  the  city  board  of  health.  He  did 
that  the  introduction  of  the  Widal  test  had  made  any  mat 
in  the  reports  of  typhoid  mortaUty.  There  are  some 
believing  that  it  has  reduced  the  number  of  deaths,  becat 
in  an  early  diagnosis,  which  eliminates  many  cases  of  i 
with  similar  symptoms.     (7950.) 

GROSS-EXAMINATION. 

No  new  facts  were  brought  out  imder  cross-examinatioi 
sel  for  the  defense  made  an  argument  in  support  of  the  rej 
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official  reports  of  the  health  commissioner  of  St.  Louis,  and  if  such 
reports  were  incorrect  and  unreliable  it  was  the  duty  of  the  com- 
plainant to  make  such  proof  in  chief  and  not  wait  until  the  defendants 
had  rested  their  case  to  introduce  testimony  of  impeachment. 

WILLIAM     THOMPSON  SEDGWICK. 

William  Thompson  Sedgwick,  recalled  as  a  witness  in  rebuttal  by 
the  complainant,  presented  evidence  concerning  the  correctness  of 
deductions  drawn  from  the  statements  of  typhoid-fever  deaths  as  per- 
centages of  total  deaths.  The  percentage  mortality  method  elimi- 
nates altogether  from  the  problem  the  question  of  population,  and 
inasmuch  as  the  population  in  many  communities,  especially  between 
census  years,  is  a  most  uncertain  matter  the  value  of  the  method  is 
apparent.  On  the  other  hand,  there  is  no  doubt  that  under  certain 
circumstances  the  method  of  stating  the  number  of  deaths  as  the  rate 
per  100,000  furnishes  more  instructive  and  more  accurate  results. 
This  is  particularly  true  when  the  population  is  accurately  known. 
In  order  to  show  that  in  the  case  of  St.  Louis  it  was  immaterial  whether 
the  typhoid-fatality  rate  was  stated  according  to  the  one  method  or 
the  other,  the  witness  presented  two  charts,  the  first  showing  the 
typhoid  fataUty  in  that  city  according  to  the  number  of  deaths  per 
100,000,  and  the  second  according  to  the  percentage  method.  The 
marked  similarity  in  the  two  curves  led  the  witness  to  state  that  no 
misleading  conclusion  could  be  drawn  from  his  original  testimony, 
because  either  method  would  show  {he  same  essential  facts. 
(7955-7959.) 

With  reference  to  the  statement  in  the  testimony  of  Professor  Jor- 
dan that  the  witness  had  incorrectly  quoted  the  report  of  the  rivers, 
pollution  commission  of  Great  Britain,  he  read  from  the  original 
report  as  follows:  "There  is  no  river  in  the  United  Kingdom  long 
enough  to  secure  the  oxidation  and  destruction  of  any  sewage  which 
may  be  discharged  into  it,  even  at  its  source."  The  witness  said  that 
the  popular  version  of  this  statement  is  that  "  there  is  no  river  in  the 
United  Kingdom  long  enough  to  purify  itself,"  and  he  believed  that 
this  statement  would  substantially  represent  the  doctrine  of  sanitary 
science  at  the  time  of  testimony.     (7959-7960.) 

The  parchment  and  coUoidin  sack  experiments  of  Professors  Jor- 
dan, Russell,  and  Zeit  on  the  longevity  of  typhoid  bacteria  when 
immersed  in  sewage-polluted  water  were  then  discussed  by  the  wit- 
ness, who  stated  that  he  would  not  be  able  either  to  form  or  to  formu- 
late a  comprehensive  opinion  from  them.  They  show  that  the  germs 
survive  for  certain  lengths  of  time,  but  he  would  be  unable  to  conclude 
that  under  different  conditions  they  might  not  survive  for  longer 
periods.  In  other  words,  the  experiments  were  by  no  means  con- 
clusive on  the  longevity  of  typhoid-fever  germs.     He  stated  that  he 
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did  not  see  how  it  is  possible  in  the  present  state  of  bacteriology  to 
devise  any  series  of  experiments  that  would  accurately  imitate  the 
infinitely  varying  conditions  of  running  streams.  The  experiments 
were  carried  on  in  cold  weather,  but  even  if  they  had  been  continued 
over  an  entire  year  under  all  actual  variations,  they  would  still,  in 
his  judgment,  have  been  incomplete  for  the  reason  that  in  other  years 
under  other  conditions  oi^anisms  as  sensitive  as  the  typhoid-fever 
germs  might  have  encountered  environments  that  would  have  mate- 
rially altered  the  results.  Besides  this,  the  experiments,  to  ^>eak 
broadly,  indicate  a  considerably  shorter  period  of  life  than  has  been 
foimd  by  the  majority  of  previous  investigators.  A  greater  number 
of  experiments  conducted  for  a  longer  period  of  time  and  under  dif- 
ferent conditions  would  not,  in  his  opinion,  fail  to  show  that  tjrphoid- 
f ever  germs  live  for  a  very  much  longer  time  than  was  indicated  by 
the  experiments  under  discussion.  They  were  undoubtedly  weU 
planned  and  executed,  but  it  was  easy  to  suggest  a  great  niunber  of 
points  in  which  they  had  failed.  The  fact  that  the  ceUs  were  anchored 
instead  of  being  allowed  to  float  down  the  stream  was  important.  It 
can  readily  be  seen  that  this  is  an  imnatural  condition,  especially  in 
the  case  of  the  Chicago  drainage  canal  and  Illinois  River,  for  the 
reason  that  the  chemical  composition  of  these  bodies  of  sewage  and 
water  is  subject  to  frequent  changes.  If,  for  example,  the  waste 
from  a  large  industrial  plant  should  be  tiumed  into  Chicago  River  at 
any  particular  moment,  the  water  which  received  it  would  vary  mate- 
rially in  chemical  composition  from  that  just  preceding  or  just  follow- 
ing. Again,  the  seasonal  variations  must  be  taken  into  consideration. 
The  floods  in  the  tributaries  bring  in  new  materials  and  new  bacterial 
flora.  The  principal  trouble  was,  in  the  opinion  of  the  witness,  that 
in  trying  to  fix  the  longevity  of  typhoid-fever  or  any  other  microbes 
it  is  necessary  to  deal  with  extremely  sensitive  and  almost  infini- 
tesimal organisms  which  have  been  known  at  all  only  within  the 
last  few  years  and  which  are  not  yet  by  any  means  thoroughly  known. 
(7960-7963.) 

He  then  referred  to  the  testimony  and  charts  introduced  by  Pro- 
fessor Mason  in  which  it  was  asserted  that  there  was  no  relation 
between  the  number  of  deaths  from  typhoid  in  Chicago  and  the  num- 
ber in  St.  Louis,  and  stated  that,  taldng  into  consideration  the  dis- 
tance between  the  two  cities  and  the  time  required  for  the  passage 
from  Chicago  to  St.  Louis  and  taking  into  consideration  also  the  char- 
acter of  the  drainage  canal  and  Illinois  River  and  the  fact  that  the 
water  drawn  from  the  intake  at  Chain  of  Rocks  for  public  supply  is 
subjected  to  extensive  sedimentation,  he  would  not  expect  to  find  any 
close  correspondence  between  the  typhoid-fever  curves  of  the  two 
cities.  Consideration  must  also  be  given  to  the  fact  referred  to  by 
Professor  Zeit  in  his  testimony,  namely,  that  typhoid  germs  arriving 
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|t  act  through  the  formation  of  local  foci  of  infection, 

for  which  must  always  be  of  uncertain  duration. 

to  find  a  correspondence  between  the  prevalence  of 

the  two  cities  only  when  considerable  periods  were 

is,  of  course,  probable  that  a  very  severe  epidemic  of 

'^ngo  would  make  itself  felt  in  St.  Louis  in  such  a  way 

1  effect  would  be  obvious,  but  here  again  much  would 

t  season  of  the  year,  the  rate  of  flow,  local  conditions  of 

hv  efficiency  of  sedimentation  in  the  St.  Louis  basins. 

^e,  however,  that  by  taking  long  periods  and  averages 

ions  were  apparent,  for  example,  as  when  comparing  the 

.oid-fever  deaths  previous  to  1900  with  the  rate  for  the 

ing.     (7963-7964.) 

erss  also  expressed  doubts  concerning  the  significance  of 
adllus  tests  made  with  the  water  of  Illinois  River  by  Pro- 
lan and  Burrill.     While  these  do  show  a  verj^  great  decline 
iber  of  organisms  present  in  the  lower  reaches  of  the  river 
le  when  the  experiments  were  performe<l  and  in  those  par- 
nples,  they  do  not  in  any  sense  enable  one  to  form  a  correct 
)  the  presence  or  absence  of  typhoid  germs  in  the  water  at 
ats.     Only  a  comparatively  small  mmiber  of  specimens  were 
i,  and  from  the  nature  of  the  case  such  specimens  only  imper- 
^resent  the  true  and  complete  character  of  the  stream  at  all 
1  seasons;  moreover,  the  colon  test  is  by  no  means  a  sure  and 
aeasure  of  the  presc»ncc  or  absence  of  either  the  colon  or  the 
bacillus.     He  was  of  the  opinion,  therefore,  that  while  the 
E^fessors  Jordan  and  Burrill  throws  great  light  on  the  proc- 
cterial  purification  going  on  in  Illinois  River,  it  does  not  by 
ns  establish  the  fact  that  typhoid  infection  is  completely  or 
y  removed  from  the  water  of  the  river  before  it  empties  into 
iflsippi  at  Grafton.     (7965-7966.) 

itness  stated  that  he  was  thoroughly  familiar  with  the  tables 
M  by  E.  K.  Lui'liridgc\  becaiLsu  tlicy  Imd  lje*.*n  prepared  at 
ast  and  under  his  constant  advice  and  superv^ision.  He  dis- 
lase  table-s  and  agreed  with  Mr.  Lochridge  concerning  their 
loe.     (7966-7969,) 

I  phojcl  rate  of  the  large  number 

I  cited  his  investigations  with 

lujiiljian  Exposition  and  the 

Ilia,  and  expressed  the 

iaso  in  typhoid  in  St. 

Iributoti  to  the  influx 

Purchast^   Exposition. 


tt4iiscussed  the  effect 
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Tlie  wittier  then  stated  that  circulars  sent  by  boards  of  heAlih  k^ 
phyjricians  tirghig  them  to  report  case^^  i>f  typhoid  fever  c^uUkfi 
no  iiifluonco  on  the  reporting  of  deaths  from  the  disease  for  the 
that  physicians  are  legally  bound  to  report  deaths  in  any 
before  a  burial  penuit  can  be  obtaine^L     (7970-7971.) 

Tlie  teifitimony  of  Professor  Zeit  iri  which  he  attributed  exteofirrt 
destructive  effects  on  typhoid-fever  gemis  to  the  toxic  products  rf 
saprophytes  in  sewage  %vas  presented  to  tlie  \^itDass.  He  sUt^  tki 
while  many  authorities  agroo  with  Doctor  Zeit^  othersdo  not  acc^t  tkl 
view,  and  he  quoted  an  experiment  made  by  himself  and  I).  D.  JiHt- 
son  in  189*3  in  which  the  verj'  point  under  consideration  was  studiid. 
A  portion  of  sewage  was  very  ctirefully  freed  from  a]]  microbes  ptfaml 
saprophytic  or  parasitic,  by  filtration.  In  this  condition  th^  sewig^e 
was  free  from  all  the  living  organisms,  but  contained  fheir  toxit 
products,  A  portion  of  this  filtrate  was  then  seeded  wnth  tjphoid- 
fever  microbes  to  the  nnmber  of  329  per  cubic  centimeter.  If  tit 
toxic  products  of  the  saprophytes  had  been  capable  of  desln^nni 
typhoid  g6rn\Sj  these  would  have  gradually  declined  in  numW 
The  facts  were,  however,  that  one  hour  after  inoculation  then^  ^fft 
333  per  cubic  ccutinieterj  twenty-four  hours  later  there  were  *j3J"> 
per  cubic  centimeter,  and  two  days  later  they  were  innumi*ntt>k 
This  specimen  was  kept  at  blood  heat.  The  germs  were  carrMlt 
pxtLinined  Unnake  certiii!!  that  they  were  tnietypluud  bacilli,  and  tk 
culture  was  then  placed  iu  the  ice  eldest.  Sl\  days  later  thenumb**r 
of  l\"[>hoid  ^eriDs  hnd  fallen  to  S8S,000  per  cubic  centimeter:  tweltf 
(hiys  after  tlie  seeiiiug  tlic  numlver  present  was  S32J(J0;  twenty  dsi> 
after,  375,000,  and  thirty-six  days  after,  56,500.  These  expen- 
rneuts  had  satisfied  the  witness  that  whether  or  not  t\']5hoid  p'W)^ 
ultiniiitoly  {lisupp(*ar  in  sewn^je  Ihey  are  not  rendily  destroycii  by  tW 
ttjxic  jjroducls  of  sa[)ro|ihytesT  but  rather  muUij)]y  and  live  long  lu 
their  presenco.  The  witness  also  cited  a  similar  experiment  of  Vtyi'^i^ 
llornicks  iiL  wliich  lihundiint  typlioifj-fever  germs  were  found  ld 
sewage  idlcrcd  in  the  siimc  way  afUT  fiirty-twu  days,      (707 1-707- ' 

The  witness  stated  tlitil  he  hud  examined  all  the  chemical  aij<i 
buf^tiTioloi^icEil  djita  iiilrodTU-cd  into  cvidenfe  by  t!ie  defendants.  anJ 
while  he  had  llicreby  obtained  a  much  better  knowledge  of  the  pruic- 
esses  of  cliemieal  and  bacterial  purilicatitm  going  on  at  certain  tiin?^ 
iiri<l  sensons  in  lllirmis  River,  he  hud  faileil  tu  discover  any  reason  f<>r 
ehangiug  his  original  opinion  that  the  principal  part  of  the  iiureai^ 
of  typhoid  fever  in  St.  Louis  sinee  January,  1900,  has  been  duett* 
the  presonce  of  delehTioiis  elements  rontaine<l  in  the  public  wAler 
su[>plv  derived  from  lln*  unpurUied  sewage  of  the  citv  of  Chicii^'- 

(797:u 
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DECISION  OF  THE  SUPREME  COURT. 

The  report  of  the  testinvpny  of  which  the  above  is  a  digest  was  pre- 
sented to  the  Supreme  Court  of  the  United  States,  with  voluminous 
briefs  and  arguments  by  the  parties  to  the  suit,  in  the  October  term 
of  1905.  The  following  is  the  full  text  of  the  opinion  of  the  court,  as 
rendered  by  Mr.  Justice  Holmes  February  19,  1906: 

Tlii0 18  a  suit  brought  by  the  State  of  Missouri  to  restrain  the  discharge  of  the  sewage 
of  Chicago  through  an  artificial  channel  into  the  Desplaines  River,  in  the  State  of 
Illinois.  That  river  empties  into  the  Illinois  River,  and  the  latter  empties  into  the 
Mississippi  at  a  point  about  forty-three  miles  above  the  city  of  St.  Louis.  It  was 
alleged  in  the  bill  that  the  result  of  the  'threatened  discharge  would  be  to  send  fifteen 
hundred  tons  of  poisonous  filth  daily  into  the  Mississippi,  to  deposit  great  quantities 
of  the  same  upon  the  part  of  the  bed  of  the  last-named  river  belonging  to  the  plaintiff, 
and  so  to  poison  the  water  of  that  river,  upon  which  various  of  the  plaintiff^s  cities, 
towns  and  inhabitants  depended,  as  to  make  it  unfit  for  drinking,  agricultural,  or 
manufacturing  purposes.  It  was, alleged  that  the  defendant  sanitary  district  was 
acting  in  pursuance  of  a  statute  of  the  State  of  Illinois  and  as  an  agency  of  that  State 
The  case  is  stated  at  length  in  180  U.  S.  208,  where  a  demurrer  to  the  bill  was  over- 
ruled. A  supplemental  bill  alleges  that  since  the  filing  of  the  original  bill  the  drainage 
canal  has  been  opened  and  put  into  operation  and  has  produced  and  is  producing  all 
the  evils  which  were  apprehended  when  the  injunction  first  was  asked.  The  answer? 
deny  the  plaintiffs  case,  allege  that  the  new  plan  sends  the  water  of  the  Illinois  River 
into  the  Mississippi  much  purer  than  it  was  before,  that  many  towns  and  cities  of  the 
plaintiff  along  the  Missouri  and  Mississippi  discharge  their  sewage  into  those  rivers, 
and  that  if  there  is  any  trouble  the  plaintiff  must  look  nearer  home  for  the  cause. 

The  decision  upon  the  demurrer  discussed  mainly  the  jurisdiction  of  the  Court,  and, 
as  leave  to  answer  was  given  when  the  demurrer  was  overruled,  naturally  there  was 
no  very  precise  consideration  of  the  principles  of  law  to  be  applied  if  the  plaintiff 
should  prove  its  case.  That  was  left  to  the  future  with  the  general  intimation  that  the 
nuisance  must  be  made  out  upon  determinate  and  satisfactory  evidence,  that  it 
must  not  be  doubtful  and  that  the  danger  must  be  shown  to  be  real  and  immediate. 
The  nuisance  set  forth  in  the  bill  was  one  which  would  be  of  international  importance — 
a  visible  change  of  a  great  river  from  a  pure  stream  into  a  polluted  and  poisoned  ditch. 
The  only  question  presented  was  whether  as  between  the  States  of  the  Union  this 
Court  was  competent  to  deal  with  a  situation  which,  if  it  arose  between  independent 
sovereignties,  might  lead  to  war.  Wliatever  differences  of  opinion  there  might  be 
upon  matters  of  detail,  the  jurisdiction  and  authority  of  this  Court  to  deal  with  such  a 
case  as  that  is  not  open  to  doubt.  But  the  evidence  now  is  in,  the  actual  facts  have 
required  for  their  establishment  the  most  ingenious  experiments,  and  for  their  inter- 
pretation the  most  subtle  speculations,  of  modern  science,  and  therefore  it  becomes 
necessary  at  the  present  stage  to  consider  somewhat  more  nicely  than  heretofore  how 
the  evidence  it  is  to  be  approached. 

The  first  question  to  be  answered  was  put  in  the  well-known  case  of  the  Wheeling 
bridge.  Pennsylvania  v.  Wheeling  &  Belmont  Bridge  Co.,  13  How.  518.  In  that 
caae,  also,  there  was  a  bill  brought  by  a  State  to  restrain  a  public  nuisance,  the  erec- 
tion of  a  bridge  alleged  to  obstruct  navigation,  and  a  supplemental  bill  to  abate  it 
after  it  was  erected.  The  question  was  put  most  explicitly  by  the  dissenting  judges 
but  it  was  accepted  by  all  as  fundamental.  The  Chief  Justice  observed  that  if  the 
bridge  was  a  nuisance  it  was  an  offence  against  the  sovereignty  whose  laws  had 
been  violated,  and  he  asked  what  sovereignty  that  was.  13  How.  561.  Daniel,  J., 
13  How.  599.  (See  also  Kansas  v.  Colorado,  185  U.  S.  125.)  It  could  not  be  Vir- 
ginia, because  that  State  had  purported  to  authorize  it  by  statute.    The  Chief  Jus- 
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tice  found  no  prohibition  by  the  United  States.  13  How.  580.  No  third  eource  of 
law  was  suggested  by  any  one.  The  majority  accepted  the  Chief  Justice's  postulate, 
and  found  an  answer  in  what  Congress  had  done. 

It  hardly  was  disputed  that  Congress  could  deal  with  the  matter  under  its  power 
to  regulate  commerce.  The  majority  observed  that  although  Congress  had  not 
declared  in  terms  that  a  State  should  not  obstruct  the  navigation  of  the  Ohio,  by 
bridges,  yet  it  had  regulated  navigation  upon  that  river  in  various  ways  and  had 
sanctioned  the  compact  between  Virginia  and  Kentucky  when  Kentucky  was  let 
into  the  Union.  By  that  compact  the  use  and  navigation  of  the  Ohio,  so  far  as  tlie 
territory  of  either  State  lay  thereon,  was  to  be  free  and  common  to  the  citizens  of  the 
United  States.  The  compact,  by  the  sanction  of  Congress,  had  become  a  law  of  the 
Union.  A  State  law  which  violated  it  was  unconstitutional.  Ol)Btructing  the  navi- 
gation of  the  river  was  said  to  violate  it,  and  it  was  added  that  more  was  not  neces- 
sary to  give  a  civil  remedy  for  an  injury  done  by  the  obstruction.  13  How.  565,  566. 
At  a  later  stage  of  the  case,  after  Congress  had  authorized  the  bridge,  it  was  stated 
again  in  so  many  words  that  the  ground  of  the  former  decision  was  that  **the  act  of 
the  legislature  of  Viiginia  afforded  no  authority  or  justification.  It  was  in  conflict 
with  the  acts  of  Congress,  which  were  the  paramount  law."     18  How.  421,  429. 

In  the  case  at  bar,  whether  Congress  could  act  or  not,  there  is  no  suggestion  that 
it  has  forbidden  the  action  of  Illinois.  The  only  ground  on  which  that  State's  con- 
duct can  be  called  in  question  is  one  which  must  be  implied  from  the  words  of  the 
Constitution.  The  Constitution  extends  the  judicial  power  of  the  United  States  to 
controversies  between  two  or  more  States  and  between  a  State  and  citizens  of  another 
State,  and  gives  this  Court  original  jurisdiction  in  cases  in  which  a  State  shall  be  a 
party.  Therefore,  if  one  State  raises  a  controversy  with  another,  this  Court  must 
determine  whether  there  is  any  principle  of  law  and,  if  any,  what,  on  which  the 
plaintiff  can  recover.  But  the  fact  that  this  Court  must  decide  does  not  mean,  of 
course,  that  it  takes  the  place  of  a  legislature.  Some  principles  it  must  have  power 
to  declare.  For  instance,  when  a  dispute  arises  about  boundaries,  this  Court  must 
determine  the  line,  and  in  doing  so  must  be  governed  by  rules  explicitly  or  implicitly 
recognized.  Rhode  Island  v.  Massachusetts,  12  Pet.  657,  737.  It  must  follow  and 
apply  those  rules,  even  if  legislation  of  one  or  both  of  the  States  seems  to  stand  in 
the  way.  But  the  words  of  the  Constitution  would  be  a  narrow  ground  upon  which 
to  construct  and  apply  to  the  relations  between  States  the  same  system  of  municipal 
law  in  all  its  details  which  would  be  applied  between  individuals.  If  we  suppose  a 
case  which  did  not  fall  within  the  power  of  Congress  to  regulate,  the  result  of  a  decla- 
ration of  rights  by  this  Court  would  be  the  establishment  of  a  rule  which  would  be 
irrevocable  by  any  power  except  that  of  this  Court  to  reverse  its  own  decision,  an 
amendment  of  the  Constitution,  or  possibly  an  agreement  between  the  States  sanc- 
tioned by  the  legislature  of  the  United  States. 

The  difficulties  in  the  way  of  establishing  such  a  system  of  law  might  not  be  insu- 
perable, but  they  would  be  great  and  new.  Take  the  question  of  prescription  in  a 
case  like  the  present.  The  reasons  on  which  prescription  for  a  public  nuisance  is 
denied  or  may  be  granted  to  an  individual  as  against  the  sovereign  power  to  which 
he  is  subject  have  no  application  to  an  independent  State.  See  1  Oppenheim,  Inter- 
national Law,  293,  §§  242,  243.  It  would  be  contradicting  a  fundamental  principle 
of  human  nature  to  allow  no  effect  to  the  lapse  of  time,  however  long,  Davis  v.  MilU, 
194  U.  S.  451,  457,  yet  the  fixing  of  a  definite  time  usually  belongs  to  the  legislature 
rather  than  the  courts.  The  courts  did  fix  a  time  in  the  rule  against  perpetuities, 
but  the  usual  course,  as  in  the  instances  of  statutes  of  limitation,  the  duration  of  pat- 
ents, the  age  of  majority,  etc.,  is  to  depend  upon  the  lawmaking  power. 

It  is  decided  that  a  case  such  as  is  made  by  the  bill  may  be  a  ground  for  relief. 
The  purpose  of  the  foregoing  observations  is  not  to  lay  a  foundation  for  departing 
from  that  decision,  but  simply  to  illustrate  the  great  and  serious  caution  with  which 
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it  ia  necesBary  to  approach  the  question  whether  a  case  is  proved.  It  may  be 
imagined  that  a  nuisance  might  be  created  by  a  State  upon  a  navigable  river  like 
the  Danube,  which  would  amount  to  a  casus  belli  for  a  State  lower  down,  unless 
removed.  If  such  a  nuisance  were  created  by  a  State  upon  the  Mississippi  the  con- 
troversy woxild  be  resolved  by  the  more  peaceful  means  of  a  suit  in  this  Court.  But 
it  does  not  follow  that  every  matter  which  would  warrant  a  resort  to  equity  by  one 
citizen  against  another  in  the  same  jurisdiction  equally  wouTd  warrant  an  interfer- 
ence by  this  Court  with  the  action  of  a  State.  It  hardly  can  be  that  we  should  be 
warranted  in  declaring  statutes  ordaining  such  action  void  in  every  instance  where 
the  circuit  court  might  intervene  in  a  private  suit,  upon  no  other  ground  than  anal- 
•^  to  some  selected  system  of  municipal  law,  and  the  fact  that  we  have  jurisdiction 
over  controversies  between  States. 

The  nearest  analogy  would  be  found  in  those  cases  in  which  an  easement  has  been 
declared  in  favor  of  land  in  one  State  over  land  in  another.  But  there  the  right  is 
reaignized  on  the  assumption  of  a  concurrence  between  the  two  States,  the  one,  so 
to  speak,  offering  the  right,  the  other  permitting  it  to  be  accepted.  Mannville  Cc. 
V.  Worcester,  138  Mass.  89.  But  when  the  State  itself  is  concerned  and  by  its  legis- 
lation expressly  repudiates  the  right  set  up,  an  entirely  different  question  is  presented. 

Before  this  Court  ought  to  intervene  the  case  should  be  of  serious  magnitude, 
dearly  and  fully  proved,  and  the  principle  to  be  applied  should  be  one  which  the 
Court  is  prepared  deliberately  to  maintain  against  all  considerations  on  the  other 
ride.    See  Kansas  v.  Colorado,  185  U.  S.  125. 

As  to  the  principle  to  be  laid  down  the  caution  necessary  is  manifest.  It  is  a  ques- 
tion of  the  first  nagnitude  whether  the  destiny  of  the  great  rivers  is  to  be  the  sewers 
(»f  the  cities  along  their  banks  or  to  be  protected  against  everything  which  threatens 
their  purity.  To  decide  the  whole  matter  at  one  blow  by  an  irrevocable  fiat  would  be 
at  least  premature.  If  we  are  to  judge  by  what  the  plaintiff  itself  permits,  the  dis- 
charge of  sewage  i  nto  the  Mississippi  by  cities  and  towns  is  to  be  expected .  We  believe 
that  the  practice  of  discharging  into  the  river  is  general  along  its  banks,  except  where 
the  levees  of  Louisiana  have  led  to  a  different  course.  The  argument  for  the  plaintiff 
asserts  it  to  be  propter  within  certain  limits.  These  are  facts  to  be  considered.  Even 
in  cases  between  individuals  some  consideration  is  given  to  the  practical  course  of 
events.  In  the  black  country  of  England  parties  would  not  be  expected  to  stand  upon 
extreme  rights.  St,  Helenas  Smelting  Co.  v.  Tipping,  11  H.  L.  C.  642.  See  Boston 
Ferrule  Co.  v.  HillSy  159  Mass.  147,  150.  Where,  as  here,  the  plaintiff  has  sovereign 
powers  and  deliberately  permits  discharges  similar  to  those  of  which  it  complains,  it 
not  only  offers  a  standard  to  which  the  defendant  has  the  right  to  appeal,  but,  as  some 
of  those  discharges  are  above  the  intake  of  St.  Louis,  it  warrants  the  defendant  in 
demanding  the  strictest  proof  that  the  plaintiff's  own  conduct  does  not  produce  the 
result,  or  at  least  so  conduce  to  it  that  courts  should  not  be  curious  to  apportion  the 
blame. 

We  have  studied  the  plaintiff's  statement  of  the  facts  in  detail  and  have  perused  the 
evidence,  but  it  is  unnecessary  for  the  purposes  of  decision  to  do  more  than  give  the  gen- 
eral result  in  a  very  simple  way.  At  the  outset  we  can  not  but  be  struck  by  the  con- 
sideration that  if  this  suit  had  been  Brought  fifty  years  ago  it  almost  necessarily  would 
have  failed.  There  is  no  pretense  that  there  is  a  nuisance  of  the  simple  kind  that  was 
known  to  the  older  common  law.  There  is  nothing  which  can  be  detected  by  the  unas- 
sisted senses — no  visible  increase  of  filth,  no  new  smell.  On  the  contrary,  it  is  proved 
that  the  great  volume  of  pure  water  from  Lake  Michigan  which  is  mixed  with  the  sew- 
age at  the  start  has  improved  the  Illinois  River  in  these  respects  to  a  noticeable  extent. 
Formerly  it  was  sluggish  and  ill  smelling.  Now  it  is  a  comparatively  clear  stream 
to  which  edible  fish  have  returned.  Its  water  is  drunk  by  the  fishermen,  it  is  said 
without  evil  results.     The  plaintiff's  case  depends  upon  an  inference  of  the  unseen. 
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It  draws  the  inference  from  two  propoeitions.  First,  that  typhoid  fever  has  increased 
considerably  since  the  change  and  that  other  explanations  have  been  disproved,  and 
second,  that  the  bacillus  of  typhoid  can  and  does  survive  the  journey  and  reach  the 
intake  of  St.  Louis  in  the  Mississippi. 

We  assume  the  now  prevailing  scientific  explanation  of  typhoid  fever  to  be  correct. 
But  when  we  go  beyond  that  assumption  everything  is  involved  in  doubt.  The  daU 
upon  which  an  increase  in  the  deaths  from  typhoid  fever  in  St.  Louis  is  alleged  are  dis- 
puted. The  elimination  of  other  causes  is  denied.  The  experts  differ  as  to  the  time 
and  distance  within  which  a  stream  wouldT)urif  y  itsell  No  case  of  an  epidemic  caused 
by  infection  at  so  remote  a  source  is  brought  forward  and  the  cases  which  are  produced 
are  controverted.  The  plaintiff  obviously  must  be  cautious  upon  thb  point,  for  if  ilu> 
suit  should  succeed  many  others  would  follow,  and  it  not  improbably  would  find  ituelf 
a  defendant  to  a  bill  by  one  or  more  of  the  States  lower  down  upon  the  Mississippi. 
The  distance  which  the  sewage  has  to  travel  (357  miles)  is  not  open  to  debate,  but  the 
time  of  transit  to  be  inferred  from  experiments  with  floats  is  estimated  at  varying 
from  eight  to  eighteen  and  a  half  days,  with  forty-eight  hours  more  from  intake  to  db- 
tribution,  and  when  corrected  by  observations  of  bacteria  is  greatly  prolonged  by  the 
defendants.  The  experiments  of  the  defendants*  experts  lead  them  to  the  opinioi 
that  a  typhoid  bacillus  could  not  survive  the  journey,  while  those  on  the  other  side 
maintain  that  it  might  live  and  keep  its  power  for  twenty-five  days  or  more,  and  arrive 
at  St.  Louis.  Upon  the  question  at  issue,  whether  the  new  discharge  from  Chicago 
hiuts  St.  Louis,  there  is  a  categorical  contradiction  between  the  experts  on  the  two 
sides. 

The  Chicago  drainage  canal  was  opened  on  January  17,  1900.  The  deaths  from 
typhoid  fever  in  St.  Louis,  before  and  after  that  date,  are  stated  somewhat  differently 
in  different  places.  We  give  them  mainly  from  the  plaintiff's  brief:  1890,  140;  1891, 
165;  1892,  441;  1893,  215;  1894,  171;  1895,  106;  1896,  106;  1897,  125;  1898,  95;  1899, 
131;  1900,  154;  1901,  181;  1902,  216;  1903,  281.  It  is  argued  for  the  defendants  that 
the  nimibers  for  the  later,  years  have  been  enlarged  by  carrying  over  cases  which  b 
earlier  years  would  have  been  put  into  a  miscellaneous  column  (intermittent,  remit- 
tent, typho-malaria,  etc.,  etc.),  but  we  assimie  that  the  increase  is  real.  Nevertheless, 
comparing  the  last  four  years  with  the  earlier  ones,  it  is  obvious  that  the  ground  for  a 
specific  inference  is  very  narrow,  if  we  stopped  at  this  point.  The  plaintiff  argut* 
that  the  increase  must  l>e  due  to  Chicago,  since  there  is  "nothing  corresponding  to  it  in 
the  watersheds  of  the  Missouri  or  Mississippi.  On  the  other  hand,  the  defendants  point 
out  that  there  has  been  no  such  enhanced  rate  of  typhoid  on  the  banks  of  the  Illinoih 
as  would  have  been  found  if  the  opening  of  the  drainage  canal  were  the  true  cause. 

Both  sides  agree  that  the  detection  of  the  typhoid  bacillus  in  the  water  is  not  to  be 
expected.  But  the  plaintiff  relies  upon  proof  that  such  bacilli  are  discharged  into 
the  Chicago  sewage  in  considerable  quantities;  that  the  number  of  bacilli  in  the  water 
of  the  Illinois  is  much  increased,  including  the  Bacillus  coli  communis,  which  u* 
admitted  to  be  an  index  of  contamination,  and  that  the  chemical  analyses  lead  to  the 
same  inference.  To  prove  that  the  t>'phoid  bacillus  could  make  the  journey  an  expe- 
riment was  tried  with  the  Badllus  prodigiosus,  which  seems  to  have  been  imknown, 
or  nearly  unknown,  in  these  waters.  After  preliminary  trials,  in  which  these  bacilli 
emptied  into  the  MLsnissippi  near  the  mouth  of  the  Illinois  were  found  near  the  Si. 
Louis  intake  and  in  St.  Ix>ui8  in  times  varying  from  three  days  to  a  month,  107  ba^rel^ 
of  the  same,  said  to  contain  1,000,000,000  bacilli  to  the  cubic  centimeter,  were  pui 
into  the  drainage  canal  near  the  starting  point  on  November  6,  and  on  December  4 
an  example  was  foimd  at  the  St.  Louis  intake  tower.  Four  others  were  found  on  the 
three  following  da>'8,  two  at  the  tower  and  two  at  the  mouth  of  the  Illinois.  Af  thi? 
bacillus  is  asst^rted  to  have  about  the  same  length  of  life  in  sunlight  in  liNing  waters 
as  the  Bacillus  typhosus,  although  it  is  a  little  more  hardy,  the  experiment  is  thought 
to  -  -Tement  of  the  plaintiff's  case,  although  the  very  small  number  found 
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in  many  samples  of  water  is  thought  by  the  other  side  to  indicate  that  practically  no 
typhoid  genns  would  get  through.  It  seems  to  be  conceded  that  the  purification  of 
the  Illinois  by  the  large  dilution  from  Lake  Michigan  (nine  parts  or  more  in  ten) 
would  increase  the  danger,  as  it  now  generally  is  believed  that  the  bacteria  of  decay, 
the  saprophytes,  which  flourish  in  stagnant  pools,  destroy  the  pathogenic  germs.  Of 
course  the  addition  of  so  much  water  to  the  IllinoLs  also  increases  its  speed. 

On  the  other  hand,  the  defendants'  evidence  shows  a  reduction  in  the  chemical  and 
bacterial  accompaniments  of  pollution  in  a  given  quantity  of  water,  which  would  be 
natural  in  view  of  the  mixture  of  nine  parts  to  one  from  Lake  Michigan.  It  affirms 
that  the  Illinois  is  better  or  no  worse  at  its  mouth  than  it  was  before,  and  makes  it  at 
least  uncertain  how  much  of  the  present  pollution  is  due  to  Chicago  and  how  much 
to  9oiux!ee  fiuther  down,  not  complained  of  in  the  bill.  It  contends  that  if  any  bacilli 
should  get  through  they  would  be  scattered  and  enfeebled  and  would  do  no  harm. 
The  defendants  also  set  against  the  experiment  with  the  Bacillus  prodiffiostis  a  no 
less  striking  exx)eriment  with  typhoid  germs  suspended  in  the  Illinois  River  in  per- 
meable sacks.  According  to  this  the  duration  of  the  life  of  these  germs  has  been  much 
exaggerated,  and  in  that  water  would  not  be  more  than  three  or  four  days.  It  is  sug- 
gested, by  way  of  criticism,  that  the  germs  may  not  have  been  of  normal  strength, 
that  the  conditions  were  less  favorable  than  if  they  had  floated  down  in  a  compara- 
tively unchanging  body  of  water,  and  that  the  germs  may  have  escaped,  but  the 
experiment  raises  at  least  a^  serious  doubt.  Further,  it  hardly  is  denied  that  there  is 
no  parallelism  in  detail  between  the  increase  and  decrease  of  typhoid  fever  in  Chicago 
and  St.  Louis.  The  defendants'  experts  maintain  that  the  water  of  the  Missouri  is 
worse  than  that  of  the  Illinois,  while  it  contributes  a  much  larger  proportion  to  the 
intake.  The  evidence  is  very  strong  that  it  is  necessary  for  St.  Louis  to  take  pre- 
ventive measiures,  by  filtration  or  otherwise,  against  the  dangers  of  the  plaintiff's  own 
creation  or  from  other  sources  than  Illinois.  What  will  protect  against  one  will  pro- 
twt  against  another.  The  presence  of  causes  of  infection  from  the  plaintiff's  action 
makes  the  case  weaker  in  principle  as  well  as  harder  to  prove  than  one  in  which  all 
came  from  a  single  source. 

Some  stress  was  laid  on  the  proposition  that  Chicago  is  not  on  the  natural  watershed 
of  the  Mississippi,  because  of  a  rise  of  a  few  feet  between  the  Desplaines  and  the  Chicago 
rivers.  We  perceive  no  reason  for  a  distinction  on  this  ground.  The  natural  features 
relied  upon  are  of  the  smallest.  And  if  under  any  circumstances  they  could  affect 
the  case,  it  is  enough  to  say  that  Illinois  brought  Chicago  into  the  Mississippi  water- 
shed in  pursuance  not  only  of  its  own  statutes,  but  also  of  the  acta  of  Congress  of  March 
30,  1822,  c.  14,  3  St.  659,  and  March  2,  1827,  c.  51,  4  St.  234,  the  validity  of  which  is 
not  disputed.  Wisconsin  v.  Duluth,  96  U.  S.  379.  Of  course  these  acts  do  not  grant 
the  right  to  discharge  sewage,  but  the  case  stands  no  differently  in  point  of  law  from 
a  suit  because  of  the  discharge  from  Peoria  into  the  Illinois,  or  from  any  other  or  all 
the  other  cities  on  the  banks  of  that  stream. 

We  might  go  more  into  detail,  but  we  believe  that  we  have  said  enough  to  explain 
our  point  of  view  and  our  opinion  of  the  evidence  as  it  stands.  What  the  future  may 
develop  of  course  we  can  not  tell.  But  our  conclusion  upon  the  present  evidence  is 
that  the  case  proved  falls  so  far  below  the  allegations  of  the  bill  that  it  is  not  brought 
within  the  principles  heretofore  established  in  the  cause. 

Bill  dismissed  without  prejudice. 

True  copy. 
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Itf*r|it3,  si^waRO  af,  puhfioaLtiiin  t*f . .  ,, 

typhoid  frvi^r  in  ,... , -.- 

HislMt?,  I>,  H„  wurt  or....... 

LlJa^'lB  Point,  intaki^iit,  removal  of.,.. 
4,^,111' 

reservoirs  ai 

water  of,  bacteria  in 

Roiling,  effect  of,  on  typhoid  prnis. . . 

Boston,  typhoid  rate  at 

Boston  Ferrnl.'  Co.  r.  Hills,  citation  r,f 

Bronur,  Liidwip,  testimony  of 

Britipeport,  111.,  Bacillus  coli  Ci>niiiiuM" 
bacteria  at ls2.  is-l. 2m. 
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riTer  water  at,  ammonia  in 66, 161, 162 

analysM  of 66-67, 

161,162,168,171,184,188,180,210 

chlorine  in ". 67 

experiments  with,  on  guinea  pigs. . .      262 

nitrites  in 66 

quality  of 183-183,208 

Bright,  F.  C,  testimony  taken  by 10 

Buflalo.  N.  Y.,  typhoid  fever  at 1 12,305 

Burrill,  T.  J.,  qualifications  of 203 

testimony  of 203-207 

Butler,  Pa.,  typhoid  at 254 
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Calumet  River,  population  tributary  to 15 

reversal  of  flow  of 147 

Casey,  Peter,  testimony  of 144 

Celloidin  sacks,  typhoid  experiments  in.  See 

Sacks. 
Chain  of  Rocks,  bacteriological  laboratory 

at 20 

See  aUo  Intake. 
Chandlerville,  111.,  Bacillus  coli  communis 

at 185,206,223 

bacteria  at 185,204,206,211,223 

river  water  at,  analysis  of 185, 188, 180, 21 1 

quality  of 213 

Chicago,  area  of 11 

dHutionat 8,134,172 

amount  of.  7,8,36,51-52,70,113,148,153-154 

effect  of,  on  Illinois  River 68,80, 108, 

113,137,150,240,287,203,311,324 

on  Mississippi  River 8, 

105,234,240,287,324 

on  sedimentation 233-234,203,311 

quality  of 113,134 

variations  in  degree  of 128 

dilution  at  Detroit  and,  comparison  of.  138-130 

population  of 14,35,36,114-116,148,140 

sewage  of.    See  Sewage,  Chicago. 

sewers  of,  description  of 12-13, 134 

flushing  of 157,332 

stockyards  at,  sewage  from 165 

tap  water  at,  bacteria  in 205, 260-261 

pollution  in 157 

topography  of 11,355 

typhoid  fever  at,  records  oL  11, 45, 110, 122,331 
relation   between    typhoid    at    St. 

Louis  and . .  240, 278-270, 200, 305, 306, 
335-336, 338, 330-340, 34g-340, 355 

water  supply  of,  investigation  of 160-161 

pollution  of 105, 157, 186-187 

See  also  Michigan,  Lake,  water  of. 
Chicago    drainage    canal.     See    Drainage 
canal. 

Chicago  River,  description  of 12 

dilution  of.    5eeChicago,  dilution  at. 

flow  of 150 

■   improvement  of 113 

population  tributary  to 14 

pumping  from 8, 12 

pumping  into 12 
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sewage  in 6, 8, 12 

flushing  out  of 68, 157 

typhoid  longevity  in 252,26^270 

water  of,  analyses  of 66-67 

quality  of 200 

See  also  Drainage  canal. 

Chickamauga,  typhoid  and  malaria  at 207 

Chlorine,  effect  of,  on  pathogenic  bacteria .  307-310 

occurrence  of 50,67,80,82,00, 174 

amount  of,  figure  showing 214 

degree  of  mingling  inferred  from 106 

significance  of 07,00,170,213 

Cholera,  transmission  of 115,281 

Cincinnati,  Ohio,  typhoid  fever  at....  132,313-314 
Cities,  minimum  population  of,  used  in  sew- 

ag « investigations 05, 

103, 127-128 

Cities  above  St.  Louis,  population  of 05, 

103-105, 1 15-1 16, 127-128, 151 ,  315^17 

sewage  of 0, 1 15, 127 

typhoid  fever  in 10-1 1, 45, 110, 1 16, 122, 331 

effect  of,  at  St.  Louis 115-116,121-122, 

120, 142, 280, 200, 331-332, 334-336 

Cold,  effect  of,  on  typhoid  germs 155-156, 

221-222,267-268 

Complaint,  bill  of,  answer  to 7-0 

summary  of 6-7 

Cooley,  L.  E.,  on  flow  of  Illinois  River. ..  50,70-71 

Copperas  Creelc,  flow  of 51 

Counsel,  list  of 10 

Covington,  Ky.,  reservoir  at 313 

typhoid  fever  at 115, 132, 313-314 

Crooked  Creek,  flow  of 150 

pollution  on 150 

Crookston,  Minn.,  sewage  of 130 

typhoid  at 130 

Crow,  E.  C,  appearance  of,  as  counsel 10 

Cumljerland,  Md.,  typhoid  fever  at 123-124 

Current  in  Illinois  and  .Mississippi  rivers, 

direction  of,  observations  on. .        18 
Cyclotella,  occurrence  and  tracing  of 04-05 

D. 

Dahinda,  III.,  water  at,  analysis  of 168 

Dams,  sedimentation  and,  rolatlons  of 114 

See  also  Illinois  River,  dams  in. 

Darkness,  effect  of,  on  typhoid  germs 30, 41 

Davis  V.  Mills,  citation  of 352 

Death.    See  Mortality. 
Decomposition,  bacteria  of.    See  Bacteria, 
sacrophytlc. 

See  also  Oxidation. 
Defendants,  answer  of 7-0 

counsel  and  witnesses  for 10 

testimony  for 143-318 

Delaware  River,  longevity  of  bacteria  in. .  308-310 

population,  etc.,  along 315 

Desplaines  River,  Bacillus  coli  communis  in.     184, 

206,223 

bacteria  in 22, 23, 25. 20, 

33, 184, 204, 206, 210, 212, 223 
chart  showing 216 

description  of 134 
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DeflplaUes  RiTer— Contiiraed. 

<liaduuiK<)  of  sewage  into 8 

flow  of 146,150,233 

rsteof 17,51,71,134.151 

micro-organisiiu  in M 

poUation  of 150 

profile  of,  plate  showing 150 

typhoid  longevity  in 277,292 

water  in,  ammonia  in 82 

ammonia  in,  charts  showing 215 

analyses  of 54-^7,66-67,87,161, 

168, 184, 188. 180, 194, 210, 212 

chlorinein 82 

chart  showing 214 

nitrites  In 82 

quality  of 68,208 

Detroit,  Mich.,  dilution  at  Chicago  and,  com- 
parison of 138-139 

longevity  of  tjrphoid   bacillus  in  epi- 

demicat 96,118 

typhoid  epidemic  at . . .  109, 1 18, 137-138, 243, 281 

Diatoms,  occurrence  of 93 

DUution,  effect  of 68,80,83,99,105, 

107-108, 113, 137, 15^-154, 180, 234 

etfect  of,  on  germs 99, 106, 

107, 180, 287. 293, 325, 333, 337, 355 

on  sedimentation 23S-234. 203, 311 

proportions  of,  offensive  and  nonoffen- 

sive 154 

purification  by 8,42,105,107, 

180-181, 234, 249. 275, 277, 293, 310, 31 1 

speed  of  flow  increased  by 68, 

80,108,129,137,334.355 
See  also  Chicago,  dilution  at 

Disease,  germs  of,  effect  of  dilution  on 99. 

105, 107, 180, 287, 293. 325, 333, 337 

germs  of,  infection  of  water  by 107 

See  alto  Bacteria,  pathogenic, 
mortality  from.    See  Mortality. 

Distilleries,  wastes  from 144-145, 150, 193, 209 

wastes  from,  effect  of,  on  typhoid  germs.      302. 

Dock,  George,  qualifications  of 296-297 

testimony  of 297-300 

Drainage  canal,  Bacillus  coli  communis  in  .    223, 

225,260 
bacteria  in .  22, 25. 28. 40-41, 204, 212, 223, 260-261 

capacity  of 14,121.153 

closing  of,  effect  of 68 

construction  of 146 

controlling  works  of 15-16, 147 

cost  of 8, 147 

description  of 13-14,146-147 

effect  of.    See  Sewage,  Chicago,  effect  of. 
effect  of  Illinois  and  Michigan  Canal  and, 

comparison  of.  67-68, 131-132, 199,337 

flow  of 14, 17, 108, 122, 148-150, 155 

micro-organisms  In 94 

opening  of,  effect  of 42-45, 

68. 83-87.  m-9l ,  142, 198, 342, 354 
pollution  of  Illinois  River  by,  compar- 
ison of  Illinois  and  Michigan 
Canal  pollution  and...  67,68,131-132 

problem  of,  study  of 152-153 

profile  of,  plate  showing 150 

relation  of  typhoid  at  St.  Louis  and. 
See  St.  Louis,  typhoid  at. 
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septic  tank  and,  comparison  of 2^ 

285,222.336-337 

sewage  in,  accumulation  of 6,8,43 

analyses  of 284-285 

constituents  of 172 

diachargeof 148-150 

oxidation  of,  point  of «8,» 

typhoid  longevity  in 296- 

237, 248, 252, 266, 270,277,292 

water  of,  ammonia  in 82 

analyses  of 66-67,82,171,194.212 

chlorinein S2 

dilution  of.    See  Chicago,  dilution 
at. 

effect  of,  bacteriological  tests  of 19-47 

onguineapigs 262 

nitrites  in 82 

quality  of 209 

Dredging,  relation  of  typhoid  and 46, 138 

See  aUo  Sediments. 
Drennan,  J.  Q.,  appearance  of,  as  counsel . .      10 

Dupage  River,  pollution  of IS) 

water  of,  analysis  of 163.168 
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Easement,  analogy  of. 
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Fevers,  character  and  diagnosis  of. . .  241-243,255- 
256.297-301,303-304. 
306.  31^-320. 329. 342 
See  aUo  UalATlA:  Typhoid. 

Filtration,  object  of 328. 337-339 

See  cUao  St.  Louis,  water  of,  filtration  of. 

Fischel,  W.  E.,  qualiflcaUons  of 319-320 

testimony  of 320-322 

Fish,  Bacillus  coll  communis  in * 

return  of,  to  Illinois  River 3S3 

Fish,  dead,  number  of.  at  Lockport 35 

Floats,  description  of 16-17 

use  of 17-19,151 

Floods,  effect  of,  In  Illinois  River 117, 

144,136,175,243,281.293,312 

effect  of,  on  transmission  of  bacteria. . .     42, 

43,96,100,114,136 

on  typhoid  fever 240-241,243,281 

See  also  Sediments. 
Flow,  effect  of  dilution  on. . .  68, 80. 108. 129. 137. 394 
profile  of,  from  Chicago  to  St.  Louis, 

plateshowing 130 

rate  of.    See  particular  streams, 

relations  of  sedimentation  and 99, 

233-234, 293, 3U 

time  of,  from  Chicago  to  St.  Louis 16-19, 

41-42,  96,  128,  137,  138, 
151, 156,  247, 333-334, 354 
See  also  Illinois  River,  flow  in. 
Fort  Bellefontaine,  Bacillus  coli  communis 

at 206,223,228,229 

bacteria  at 22. 

23,  25.  26,  32,  42,  183. 
185,205,206,211,223.226 

micro-organisms  at 95 

river  water  at,  ammonia  in ^ 
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Fort  BeUefontaine— Ckmtinued.  Page, 

rirer  water  at— Continaed. 

analyses  of.  54-^,66-67,80485,180,190,211 

after  opening  canal 85,87 

before  opening  canal 85,87 

chloiinein 67 

nitriteain 66,»1 

qoaHtyof 91 

total  9oMd«  in 60-63 

Fort  SnelUng,  Minn.,  typhoid  fever  at 306 

Fox  River,  BaciUua  coU  communia  in 184, 

206,223,224,260 

bacteria  in 184,204,206,223,260-261 

flow  of 51,71,150 

pollution  of 150 

waterof,analytesof..  168,171,184,188,180,194 
experiments  with,  on  guinea  pigs. . .     262 

quality  of 160,213 

Freeman,  J .  R .,  on  water  consumption .  .^ . .     271 

Freeaing,  effect  of,  on  typhoid  germs 155-156 

Fuller.  0.  W.,  qualillcaUoiis  of 124 

testimony  of 124-133 

O. 

Oahreston,  Tex.,  typhoid  and  malaria  at . . .     297 
Garfield  avenue,  St.  Louis,  tap  water  at.  24,25,26 

Gehrmann,  Adolph,  qualifications  of 181 

testimony  of 181-187 

Geneva  L4ike,  typhoid  germs  in  sediments 

at 238,253-254 

Goodman,  C.  H.,  testimony  of 321 

Grafton.  111..  Bacillus  coli  communis  at  and 

near....  185,206,223,224,228.229,260 

bacteria  at  and  near 22,23, 

25, 26, 30, 31. 32, 34, 42, 183, 185, 203, 
204,  206,  211,  216, 223.  226,  260-261 

bacteriological  laboratory  at 23, 208, 225 

effect  of  drainage  canal  at 34, 80, 164, 167, 

224, 234, 250. 281, 286. 289. 293, 313 

effect  of  Peoria  sewage  at 36,58 

river  water  at  and  near,  ammonia  in . . .      66, 
81-82,162.215 

analyses  of 52-57, 6&-67, 86-87. 162, 164, 

166, 171. 173, 185, 188, 180. 190, 211 

after  opening  canal 86.87 

before  opening  canal 86, 87, 162, 164 

chlorine  in 67,82,196,214 

experiments  with,  on  guinea  pigs. . .     263 

nitrites  in 66,79,81 

potability  of 72-73.286,293 

quaUtyof 42,66-50,68,83,128-129,160, 

170,197,213.221,286.293,205,322 
Grand  Forks,  N.  Dak.,  typhoid  epidemic  at.  139 
Great  Britain,  self-purification  in.  Ill,  234-235, 347 
Guinea  pigs,  experiments  on 262-263 


Hamlin,  H.  J.,  appearance  of,  as  counsel ...       10 

Bariem  Creek,  pollution  from 43, 45 

Hannan,  J.  G.,  on  flow  of  Illinois  River.  70-71, 158 

qualifications  of 158 

testimony  of 158 

Hartford.  lU.,  bacteria  at 22. 23, 25, 26. 31 ,  37 

effect  of  Alton  sewage  at 37 

Illinois  and  Mississippi  waters  at,  pro- 
portions of 96, 197 
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river  water  at,  ammonia  in 66 

analyses  of. 64,66^7,85 

after  canal  opening 85 

before  canal  opening 85 

chlorine  in 67, 96 

nitrites  in 60.79.96 

quality  of 42,50.197 

total  solids  in 60-63 

Hastings,  E.  G.,  testimony  of 258 

Havana,  111.,  Bacillus  coli  communis  at 184, 

206,223.260 
bacterUat....  184,204.206,211,216,223,260-261 

river  water  at,  ammonia  in 162,215 

analyses  of.  162,168,171,184, 188, 180, 195. 211 

chlorine  in 214 

experiments  with,  on  guinea  pigs. . .      263 

quality  of 193 

typhoid  fever  at 11 

Hazen,  Allen,  qualifications  of 103-104 

testimony  of 104-106 

Hektoen,  Ludwig,  qualifications  and  testi- 
mony of 246 

Henry,  111.,  Bacillus  coli  communis  at 184, 

206,223.260 

bacteria  at 183,184, 

204, 206. 210, 216, 223. 260-261 

dam  at,  flow  at 51 

river  water  at,  ammonia  in 162, 215 

analyses  of. . . .  162, 168, 171, 184. 188, 180, 210 

chlorine  in 214 

experiments  with,  on  guinea  pigs. . .      262 

Heiget,  C.  G.,  testimony  of 144 

Hering,  Rudolph ,  qualifications  of 152 

testimony  of 152-157 

Hill,  J.  W.,  qualifications  of 306-307 

testimony  of 307-318 

Holmes.  Oliver  Wendell,  opinion  of 351-355 

Homer,  ,  Bacillus  prodigiosus  found 

by 39 

Hudson  River,  typhoid  on 281 
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Ice,  transmission  of  typhoid  fever  by 268 

.  Illinois,  relations  of  sanitary  district  and. . .         7 

sanction  of  canal  by 6 

Illinois.  Steamboat,  use  of , 143 

Illinois  and  Michigan  Canal,  Bacillus  coli 

communis  in 184.206,223 

bacteria  in 25,131-132,182.184.204,210,223 

description  of 145-146 

fiowof 61,71,146.150 

pollution  of  Illinois  River  by 52, 83 

comparison  of  drainage  canal  pollu- 
tion and 67-68,131-132 

pumping  for 8, 12, 13, 15,51, 146. 148 

septic  tank  and.  comparison  of 131-132 

water  of,  analyses  of 66-67. 

87. 161, 168, 171. 184, 188, 189 

change  in.  on  opening  canal 193 

quality  of 146,194.208 

Illinois  River.  Bacillus  coli  communis  in 184. 

185, 206. 223, 224. 228. 229. 260 

bacteria  in 22.23.25,26.30,32,34.40.42, 

47, 136. 183-185. 203-204, 206, 210- 
221,223,226,230.231,260-261,312 
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charts  showing 216 

basin  of,  population  of 36, 

115-116,149-150,315-317 

population  of,  sewage  of 1 16, 331 

run-off  of 314 

typhoid  fever  in....  11,116,331,332,334-336 
See  alto  Chicago,  typhoid  at. 

current  In,  deflection  of 198 

dams  In 132-135, 175, 244, 249, 257, 277, 292 

description  of 134-135 

dUutlonof 47, 

61-52,70,113-114,150,249,256,293 

speed  Increased  by 68, 

80,108,129,137,334,355 
with   and   without  drainage-canal 

sewage,  comparison  of 150 

See  alto  Chicago,  dilution  at. 
effect  of,  on  Mississippi  River. . . .  31-^,59-65, 
70, 77, 96, 136, 143, 194, 197, 278, 287 

floods  on,  effect  of 117, 

136, 144, 175, 243. 281 .  293, 312 
relation  of  typhoid  at  St.  Louis  and .    240-  i 

241,243  I 

flow  of 51,58,70-71,150,159.256,334  i 

rateol..  17-18,108,114,136,151,233,333-334  | 

increase  of,  effect  of 137,287,324  1 

relation  between  bacteria  and 33  , 

Improvement  of,  by  drainage  canal 143,  | 

176,311,314  . 

Investigation  of 143,165-168,207-208*259  | 

lakes  and  ponds  on,  micro-organisms  In.      100  | 

typhoid  germs  and 243-244 

micro-organisms  in 94-97, 100 

pollution  of 150-197,265,266,270,287,323 

before  canal  opening 52, 53, 68, 80, 323 

effect  of,  on  Mississippi  River 59, 

65,70,79-80,129 

ultimate  result  of 129 

profile  of 155 

plate  showing 150 

pHriflcatlon  of 52,80, 163-164,203, 

209,213.218,220,231,232,245,257, 
286,  295, 3lS,  322-325, 34$,  353-354 

rone  of 68,80,324-325 

sedimentation  In 46, 52, 

132-133, 135-136, 175, 233-234, 244, 
249, 256, 257, 277, 292-293, 311-312 

tributaries  of,  quality  of 52,89 

turbidity  of,  relations  of  germ  life  and .      40, 

233-234 

typhoid  longevity  In 96, 119,202, 233, 

237, 248, 250-253, 256, 265-270, 277, 
282, 287, 289, 290, 292, 293, 295, 311 

water  of,  ammonia  In 81-82 

ammonia  in,  charts  showing. 215 

analyses  of 53-^7,66-67,86-87, 

161-163, 168, 171, 173, 184-185, 
188. 189. 190, 194, 195, 210-211 

after  opening  canal 86, 87 

before  opening  canal 86,87 

chlorine  in,  chart  showing 215 

comparison  of  Mississippi  River  vA- 

terand 137.173, 

198, 265, 266, 270, 287, 289, 295, 31 7 


Illinois  River— Continued, 
water  of— Continoed. 

comparison  of  Missouri  River  water 

and 173,1«,2», 

265,  an,  270, 2Sr,flt,aSk317.9» 
comparison  of  tributaries'  waters 

and 211 

experiments  with,  on  guinea  pigs.  2SS-3S2 

filtration  of 130-131 

mingling  of  Missiaisppi  water  and. 
at  intake.  See  Intake,  min- 
gling at. 

nitritesln 7»«,20D-301 

oxygen  in 191-192,1« 

poUbiUtyof 198, 257, 281, 3» 

quaUty  of. . . . .  42, 59,83, SM)!.  143, 156, 150- 
173, 198, 200,208, 289, 312, 353-3SS 
before  and  after  opening  of  ca- 
nal, comparison  of 143,S3-£5 

variations  in 197,322 

total  solids  in 312 

total  solids  in  Mississippi  water  and, 

cbmparisonof 13J 

Illness.    5«<!  Morbidity. 

Infection,  analysts  and,  relations  of 105-106 

Injunction,  prayer  for 7 

Intake,  Bacillus  coll  communis  at 185. 

206, 223. 228,229 

Badllus  prodlgiosus  at 39 

bacteria  at 22,25.26.31.37.42,183. 

185,205,206,211,226.227,230,231 

clarification  at 12S 

description  of I2i 

effect  of  Chicago  sewage  at.    See  Sew- 
age, Chicago,  effect  of. 

micro-organisms  at 94-05 

mingling  of  Illinois,  Mississippi,  and 

Missouri  waters  at 31-34, 42,  H 

5^-65, 77, 129, 131 ,  139, 202, 229-230, 270 

degree  of ....  9, 68, 77-78, 88, 95, 100. 106, 131, 

137, 139, 141, 196, 227, 229-230 

diagram  showing 44 

mingling  at  Detroit  and,  comparison 

of 138,13? 

reservoirs  at.    See  St.  Louis,  reservoirs 
at. 

transfer  of ,  typhoid  reduced  by 43. 

45,110.125,339-340 

water  at,  ammonia  in 66 

analyses  of 53^, 

66-67, 76,83-«4, 185, 189-190.211 

after  opening  canal 84 

before  opening  canal ^ 

chlorine  In ^* 

comparison  of  tap  and  reservoir  wa- 
ter and S4 

effect  of  drainage  canal  on.  See 
Sewage,  Chicago,  effect  of. 

nitritesln 66,:? 

potabUltyof 280-282,2^ 

quality  of »«. 

104-105, 117, 175-176,323^4,327-328 

total  solids  In 60^ 

See  alto  Mississippi  River,  water  of; 
Missouri  River,  water  of. 

Irons,  E.  E.,  work  of 208 

Ithaca,  N.  Y.,  typhoid  fever  at 112,254 
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Jacksonrflle,  FU.,  typhoid  fever  at 304 

Jeflenon  Barracks,  Bacillus  coli  communis 

at 185 

bacteria  at 206 

typhoid  fever  at 304 

water  at,  analyses  of 185,180,100,211 

Jeffries,  8.  B.,  appearance  of,  as  counsel 10 

Johns,  W.  C,  appearance  of,  as  counsel 10 

Johnson,  O.  A.,  work  of 27 

JoUet.  IlL,  BacilluscoU communis  at. .  184,206,260 

bacteria  at 22,23,25,20, 

184, 204, 206, 210, 212, 216, 260-261 

bacteriologicallaboratory  at 23 

river  water  at,  ammonia  in.  66,81, 161, 162,215 

analyses  of 54^7,6^-67,87,161,162, 

168, 171, 184, 188, 180, 104, 210, 122 

chlorine  in 67,214 

experiments  with,  on  guinea  pigs. . .      262 

nitrites  in 66-«l 

quality  of 68,83,160,172,208 

typhoid  fever  at 11 

Jordan,  E.  O.,  qualifications  of 207 

testimony  of 207-246 


K. 


KampsvUle,  Ill.,Bacitlus  coli  communis  at.  185,206 

bacteria  at 185,204,206,211,213,216 

river  water  at,  ammonia  in 215 

analysis  of 185,188,180,105,211 

chlorine  in 214 

quaUtyof 200,213 

Kankakee  River,  Bacillus  coli  communis  in.     184, 

206,223 
bacteria  in....  183,184,204,206,210,223,260-261 

flow  of 51,71,150 

pollution  of 150 

water  of,  analysis  of 163, 

168,171,184,188,180,210 
experiments  with,  on  guinea  pigs. . .      262 

quality  of 213,217 

Kansas  r.  Colorado,  citation  of 353 

Kansas  City,  river  water  at,  chlorine  In 174 

sewage  of 174-175 

sewage  of  Chicago  and,  relative  effects 

of,  at  St.  Louis 131,156 

typhoid  fever  at 11 

Kansas  River.    See  Kaw  River. 

Kappa,  111. ,  water  at,  analysis  of 168 

Kaw  River,  water  of,  analyses  of 60 

water  of,  chlorine  in 50,80,90,174 

quaUtyof 174 

analyses  made  by 7i 

Keiser,  E.  H.,  qualifications  of 74 

testimony  of 74-02 

water  submitted  to 50 

Kingston,  river  water  at,  ammonia  in 66 

river  water  at,  analyses  of 66-67 

chlorine  in 67 

nitrites  in 66 

Kiimicutt ,  L.  P. ,  qualifications  of 283-284 

testimony  of 284-287 

Kirchner,C.  G.,  workof 23 

Krans, ,  experiments  of,  on  bacteria  in 

water 101 


L. 


Page. 


La  Salle,  111.,  Bacillus  coli  communis  at 184, 

206,223,260 
bacteria  at. . . .  184,204,206,210,216,223,260-261 

flow  at 51 

river  water  at,  ammonia  in 66,102,215 

analyses  of 66-67, 

162, 168, 171 , 184, 188, 180, 105, 210 

chlorine  in 67,214 

experiments  with,  on  guinea  pigs. . .      262 

nitrites  in 66 

quaUtyof 68,160,213 

Laboratory  conditions,  actual  conditions 

and,  relations  of 35,40, 

101,233,235-237,248,267- 
268, 276-277, 202, 308, 345 

Laches,  plaintiff  charge*'  with 8 

Supreme  Court  on 352 

Lake  Michigan.    See  Michigan,  Lake. 

Lausanne,  Switzerland,  typhoid  at 256 

Lawrence,  Mass.,  typhoid  at 06,111 

Leeds,  .\.  R.,  on  aeration  at  Niagara  Falls. .      113 

Libertyville,  water  at,  analyses  of 168 

Little  Vermilion  River,  water  of,  analysis  of.      163 

Lochridge,  £.  E. ,  qualifications  of 330 

testimony  of 330-347 

Lockport,  III.,  Bacillus  coli  communis  at. . .     184, 

223,260 

bacteria  at 22,25,182,184, 

204,210,212,216,223,260-261 
controlling  works  at,  description  of.  15-16, 147 
river  water  at,  ammonia  In..  66,81,161,162,215 

analyses  of 54-57,66-67,87,161, 

162, 168, 171, 184, 188, 180, 104,210 

chlorine  in 67,214 

nitrites  in 66, 81 

quality  of 83,182,208 

experiments  with,  on  guinea  pigs. . .      262 

I^ng,  J.  H.,  on  Illinois  River  pollution 80-00, 

150,181 

qualifications  of 158 

testimony  of 150-181 

Louisiana  Purchase  Exposition,  relation  of, 

to  typhoid  fever 300,340 

Louisville,  Ky.,  typhoid  fever  at 45, 132 

Lowell,  Mass.,  typhoid  epidemic  at . . .  109, 110,254 

M. 

McHenry,  111.,  water  at,  analysis  of 168 

McKees  Creek,  flow  of 150 

pollution  of 150 

Mackinaw  River,  flow  on 150 

pollution  on 150 

water  of.  analysis  of 168 

Macoupin  Creek,  flow  of 150, 150 

pollution  on 150 

Madison,  Wis.,  typhoid  longevity  experi- 
ments at I.      252 

Mahomet,  111. ,  water  at,  analysis  of 168 

Malaria,  d iagnosls  of 241-243, 

255-256,207-304,318-321,326,320 

mortality  from 310,321,320,341 

See  alKO  Typhoid  fever,  diagnosis  of; 
Fevers. 

MannvUle  County  t;.  Worcester,  citation  of . .      353 
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Pace. 
Market  street,  St.   Louis,  tap  water  at, 

bacteria  In 25,28 

Mason,  W.  P.,  qaaliflcations  of 275-276 

testimony  of 276-283 

Massachusetts,  streams  of,  dilution  of,  com- 

pared  to  Mississippi  River..  274-275 
Massachusetts  State  Board  of  Health,  ex- 
periments of,  on  bacteria  276-277,287 

Meade,  Camp,  typhoid  and  malaria  at 297 

Mclosira,  occurrence  and  tracing  of 94-^>5 

Michigan,  Lake,  bacteria  in 21,28, 187 

bacteria  in,  distinctive  forms  of,  tracing 

of 27-34 

currents  in 157,187 

micro-organisms  in 93-94 

distinctive  forms  of,  tracing  of 94, 100 

pollution  of 15, 147, 157, 186-187 

population  tributary  to 15 

sewage  accumulated  in 6,8 

typhoid  longevity  in 252,268-270,282 

water  of,  analysis  of 87 

dilution  by.  See  Chicago,  dilution  at. 
experiments  with ,  on  guinea  pigs. . .      262 

quality  of 113,134.186-187 

Micro-organisms,  definition  of 93 

effect  of  sewage  on 100 

occurrence  of.  Inference  from 97-W,10U 

investigation  of 93-97 

relations  of  bacteria  and 99 

Milk,  connection  of  typhoid  fever  and 280 

Millbury,  epidemic  at,  cause  of 105 

Mills,  H.  P.,  on  typhoid  bacillus 155-156 

Mills  and  Horrocks,  typhoid  experiments  of. 

332-333 

Milwaukee,  Wis.,  pollution  by 157 

Minneapolis,  sewage  of,  relative  effects  of 
Chicago  sewage  and,   at   St. 

Louis 156 

typhoid  fever  at 10 

Mississippi  River,  Bacillus  coli  communis 

in 185,206,223,224,228,229,272,289 

bacteria  in 20-26,31,32,42,183,185, 

203-206,211, 223, 226, 227, 230, 231 

chart  showing 216 

basin  of 9 

basin  of,  population  of...  95,104-105,115-116, 
127-128,151,271,315-317 

population  of,  sewage  of 9, 47, 95, 

115-117,127-128.271-272,331 

run-off  from 314 

typhoid  fever  in. .  10-11, 47, 116, 121-122, 129 
131, 142. 156, 290. 331-332. 334-336 

use  of  streams  in,  as  sewers. 353 

configuration  of 95 

dilution  of,  compared  to  Massachusetts 

streams 274-275 

effect  of  drainage  canal  on 7-9. 41.53, 70,80, 

104.  105.  108.  122  123,  129.  164. 167, 169, 
175,  176,  199. 234,  249-250,  256-257.  324 

effect  of  Pooria  sewage  on 164-167 

flow  of 274 

rate  of 18. 151 

Illinois  water  and  commingling  of 31-34, 

5»-<«.9iV.l».196 


Pa«e. 
Mississippi  River— Continued. 

Illinois  water  in,  course  taken  by 196 

effect  of. 59,65,70,77. 

136, 143, 194, 196, 197,278,2^ 

micro-oiganisms  in 94-97,100 

mingling  of  Missouri  River  and,  at 
intake.  See  Intake,  mingling 
at. 

pollution  of 365,266,270,274,295 

population  on 9, 95, 104-105, 1 15, 127-128 

profile  of 155 

plate  showing. ISO 

purification  of 222,272-275 

water  of,  analyses  of 53-57, 66-67, 78,  »- 

84,168,173,185,188,189,190,211, 
analyses  of,  after  canal  opening  84, 85, 86, 87 

before  canal  opening 83,85,86,87 

chlorine  in 82,96,196 

comparison  of  Illinois  and  Missouri 

watersand 137,19s. 

265,266,270,287,289,295,317 

composition  of,  at  New  Orieana...  272-273 

filtration  of,  Chicago  sewage  and..     117, 

122, 129-131, 156, 281,296. 

317-318, 327-328,  337, 338 

nitritesin 79,» 

oxygen  in 1* 

pollution  of,  ultimate  effect  of.  122-123, 129 

potability  of M6. 

281-282, 287, 296-296, 3» 

purification  of 72, 117 

quality  of 42,53,69.72,78,91. 

104, 117, 121, 156, 175-176, 198, 1» 

variations  in 1*^ 

relations  of,  to  typhoid  at  St.  Louis.  63^ 
total  solids  in  Illinois  river  and, 

comparisonof 137 

use  of ^■" 

Missouri,  Illness  In 7,257.303-30* 

use  of  Mississippi  River  as  sewer  by . . . .     353 
Missouri  V.  Illinois  and  Chicago  sanitary 
district,  suit  of,  bill  of  com- 
plaint in 6-7 

suit  of,  bill  of  complaint  in,  answer  to. .     7-9 

counsel  in W 

decision  of  Supreme  Court  on 351-^ 

importanceof 5 

simmary  of,  statement  concerning.     5-4 

testimony  in,  for  defmdanta. 143-3Ki 

for  plaintiff 11-143,318-350 

witnesses  in. 9-10 

Missouri  River,  Bacillus  coli  communis  in. .     18^> 
206,223,234,328,229 

bacteria  In 22.25,36.32,43,183. 

185,303,205,206,211,233,236,231 
basin  of,  populaUon  of. . . .  115-116, 151.315-317 

population  of,  sewage  of 116.357,331 

run-off  of 314 

typhoid  fever  in H. 

116,131.156,331-333,334^ 

micro-organisms  In 94-97 

mingling  of  Mississippi  water  and,  at 

InUke.    See  Intake, 
pollution  of 116,357.365,206,270.287,331 
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Missouri  River — Continoed. 

profile  of 155 

silt  in HI 

water  of,  analyses  of 54, 57, 

60, 85, 89, 173, 185, 180, 100, 21 1 

analyses  of,  after  opening  canal 85,87 

before  opening  canal 85,87 

chlorine  in 70-80,174 

comparison  of  Illinois  water  and. . .      173, 
229. 265, 266, 289, 295, 317 
comparison  of  Illinois  and  Missis- 
sippi waters  and. 196, 

265, 266, 270, 287, 289, 295, 317, 355 

effect  of  Kaw  River  on 59,60,80,99,174 

filtration  of 117,122,120-131,156, 

281. 296, 317-318, 327-328, 337, 338 

nitrite  in 91 

oxygen  in 198 

potability  of 198,257,338 

quality  of 42,53,60, 

77-78, 91, 156, 174, 198, 257, 327-328 

variations  in 197 

sedimentation  in 141 

MitcheJl.  111.,  mingling  of  waters  at 197 

Morbidity,  mortality  and,  relations  oL  46, 106-143 

Morris,  111.,  Bacillus  coli  communis  at 184, 

206,223,260 

bacteria  at 183,184,204,206, 

216, 217, 218, 219, 220, 223, 260-261 

river  water  at,  ammonia  in 162,215 

analyses  oL 162, 168, 171, 184, 188, 189, 194 

chlorine  In 214,217,218,219 

experiments  with,  on  guinea  p'gs. 262 

quality  of 170,208 

Mortality,  illness  and,  relations  of. ... .  46, 106, 143 

percentage  of,  calculation  of. 117- 

1 18, 230, 254, 278-279, 294, 314, 347 
Mud.    5e«  Sediments;  Floods. 

Munich,  typhoid  fever  at 45 

water  of,  bacteria  In 101 

water  of,  self-purification  of 266 


N. 


Navigation,  obstruction  of,  prohibition  of..      352 

New  Albany,  Ind.,  t3rphoid  fever  at 115 

New  Haven,  Conn.,  typhoid  fever  at 111-112 

New  Orieans,  La.,  dilution  at 272, 274 

distances  from,  to  cities  above 271 

malaria  at 298 

self-purification  at 222-223 

water  at,  analyses  and  character  of. .  272-274 

New  York,  typhoid  at 110 

Newburyport,  Mass.,  typhoid  fever  at Ill 

Niagara  Falls,  aeration  at 113 

typhoid  fever  at 112 

Nitrates,  occurrence  of 67, 75, 76, 198, 313 

occurrence  of,  Inference'trom 97, 197 

Nitrites,  canal  opening  and,  relations  of 64, 

70,75,198 

occurrence  of 66, 75, 76, 78-81, 198, 313 

inference  from 74,97, 179 

Nuisance,  character  of, 353-354 

creation  of 7,8,351 


O.  Page. 

Oder  River,  self-purification  of , 266 

Omaha,  sewage  of,  relative  effect  of  Chicago 

sewage  and,  at  St.  Louis 156 

typhoid  fever  at U 

Ottawa,  111.,  Bacillus  coli  communis  at 184, 

206,223,260 

bacteria  at 184, 204, 

206, 2f0, 216, 218, 219, 220, 223, 260-261 

river  water  at,  ammonia  In 161, 215 

analyses  of 161, 168, 

184, 188, 180, 194, 195, 210, 218, 219 

chlorine  In 214 

experiments  with,  on  guinea  pigs. . .      262 

quality  of 208-209, 213, 286 

typhoid  fever  at 11 

Oxidation  of  sewage,  bacteria  and,  relations 

of 234-235 

processes  of 163, 234-235 

tone  of,  transfer  of,  by  canal  dilution 68. 

80,324-325 
See  also  Bacteria,  saprophytic. 

Oxygen,  dissolved,  determination  of 191 

Oysters,  relation  of  typhoid  fever  and,  In  St. 

Louis 119- 120 


Palmer,  A.  W.,  qualifications  of 187 

testimony  of , 187-202 

Parchment  sacks,  typhoid  experiments  in. 
See  Sacks. 

Paris,  France,  self-purification  at 266 

Peart,  111.,  Bacillus  coll  communis  at 260 

bacteria  at 260-261 

river  water  at,  analyses  of 168, 171 

experiments  with,  on  guinea  pigs ...      263 

quality  of 170 

Pekin,  III.,  Bacillus  coli  communis  at 184 

206,228,229 

bacteria  at  and  near 25, 183, 184, 

204,206,210,216,226,230 

Industrial  wastes  at 144-145, 193, 209 

river  water  at,  ammonia  In 66,162,215 

analyses  of. ^ 162, 

164, 168, 171, 184, 188, 180, 210 

chlorine  in 67,214 

nitrites  in 66 

quality  of 160 

typhoid  fever  at 11 

Pennsylvania   v.   Wheeling   and    Belmont 

B  ridge  Co. ,  ci  tation  of 351 

Peoria,  111.,  Bacillus  coli  communis  near. . .  184, 260 
bacteria  near. .  22, 25, 30, 33, 183, 184, 226, 260-261 

bacteriological  laboratory  at 23, 208, 225 

effect  of  drainage  canal  at 33-34, 36 

flow  at 159 

industrial  wastes  at 144-145, 150. 16+- 165 

effect  of,  on  typhoid  germs..  250-252,302 

pollution  at 36, 58, 71, 164, 167. 193 

effect  of,  on  Illinois  River 36, 

58, 71 ,  167, 193, 209, 220-221, 226 

river  water  at,  ammonia  In 81-82, 161, 162 

analyses  of 66-67,87, 161, 168, 171, 184 

after  opening  canal 87,89-91 

before  opening  canal.  87,80-91,161,162 
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PeorU,  Ul.-Continoed. 

river  water  at— Continued. 

experiments  with,  on  guinea  pigs. ..      263 

nitrites  in 80-82 

quality  of <2,57, 

68, 83. 80-91,161, 165, 107, 169, 170 

typhoid  lever  at 11 

typhoid  longevity  experiments  at 2SQ-2S2 

Peoria,  Lake,  water  of,  pollution  In 243,287 

Philadelphia,  typhoid  at 110 

Philippines,  malaria  in 298 

Pittsburg,  Pa.,  self-puriflcatlon  at 107-108 

typhoid  fever  at 45,108,110 

Plaintiff,  biU  of  complaint  of 6-7 

counsel  and  witnesses  for ^10 

testimony  for 11-143,318-350 

Plankton,  destruction  of  bacteria  by 41 

Plymouth,  Pa.,  typhoid  at 110-111,254 

Pollution,  effect  of,  on  Bacillus  typhosus, 
t  See   Bacillus,  typhosus,  lon- 

gevity of. 

evidences  of 74,97-98, 

117-118.126,140.178-180, 197, 199, 
222, 244, 245, 258, 279, 288, 322-324 

infectious  pollution  and 107, 199, 263 

oxidation  of.    See  Oxidation. 

prevention  of 153 

Pontiac,  111.,  water  of,  analysis  of 168 

Population  of  cities,  minimum  considered  In 

sewage  calculations. .  95, 104, 127, 128 
See  also  particular  river  batiiu.  cities,  etc. 

Potability,  evidence  oL 91-92, 105, 180-181, 186 

standard  of 105, 327-328 

See  also  particular  places,  streams,  etc. 
Potomac  River,  typhoid  fever  carried  by. . .      244 

Prescription,  right  of 352 

Profile  of  rivers,  Chicago  to  St.  Louis,  plate 

showing 150 

Pumping,  use  of,  in  past  years. 8, 12, 

13,15,51,146,148 

R. 

Randolph,  Isham,  qualifications  of 145 

testimony  of 145-152 

Ranch,  John,  Investigations  of 153 

Ravold,  A  N.,  qualifications  of 19 

testimony  of 19-47,148 

Reservoirs,  self-purification  In 287 

time  that  water  remains  in 238, 278 

See  also  St.  Louis,  reservoirs  at. 
Rhode  Island  v.  Massachusetts,  citation  of.      352 

Rivers,  use  of,  as  sewers 353 

Rotterdam,  typhoid  fever  at 45 

Rush,  W.II.,  workof 23 

Russell,  H.  L.,  experiments  by 235 

qualifications  of 246-247 

testimony  of 247-258 

S. 

Sackett,  W.  O.,  work  of 208 

Sacks,  parchment  and  celloidin,  typhoid  ex- 
periments with  ....  235-236,248-249, 
250-252,268-270,290, 
325-326,  345-346,  355 

St.  Charles,  Mo.,  sewage  of 158 

typhoid  fever  at 11 

typhoid  fever  at  St.  Louis  and 316,338 


St.  Clair  River,  Miqh.,  discAaige  of 138 

St.  Helen's  Smelting  Co.  r.  Tipping,  citation 

of 353 

St.  Louis,  bacteriological  laboratory  at.  23, 206, 225 
Chicago  and  Kansas  City  sewage  at, 

relative  effects  of 131,156 

Chicago  and  Omaha  sewage  at,  relative 

effectsof 156 

Chicago  and  St.  Paul  sewage  at,  relsr 

tionsof 156 

Chicago  sewage  at.   5««  sewage,  Chicago, 
conditions  at  Detroit  and,  comparison 

of 138-139 

exposition  at,  relation  of  typhoid  fever 

and 300,340 

health  reports  of. 346-347 

Intake  at.    5m  Intake. 
Jefferson    Barracks  at.    8^e  Jefferson 
Barracks. 

malaria  in 241-243, 

3&S-256, 297-299, 30l3-«>4, 319 
Mississippi  and  Missouri  rivers  at,  stage 

of.  diagram  showing 44 

population  above 95, 103-105, 

115-116, 127-128, 161,315-317 

protection  of  water  supply  of 117, 122 

reservoirs  at 24,125 

Bacillus  ooli  oonununis  in 224-225 

efficiency  of 64. » 

water  of,  ammonia  in 66 

analyses  of 66-67,75,87 

bacteria  in 22,25,40.41 

chlorine  in 67 

comparison  of  tap  and  intake 

water  and M 

nitritesin «J 

quaUtyof 24.69 

See  also  Intake. 

tap  water  at,  anunonia  In 66 

analyses  of 66-67,185,189-190,211 

Bacillus  coll  communis  in 185,223,225 

bacteria  in 22-26, 185,205.211 

chlorine  in 6' 

comparison  of  reservoir  and  intake 

waterand 64 

nitritesin 66 

quality  of 24 

typhoid  fever  at,  alleged  increase  of- 42. 

45,  106,  117,  126-127,  140,  142- 
143,  243,  246,  255-258,  298-30i 
^6,  326,  330,  332,  342,  350,  354 

alleged  Increase  of,  cause  of 113, 117, 

11^120, 127, 142, 240, 244, 280. 
303-304.  313,  316,  324,326,350 

reports  of  physicians  and 72, 106, 

241-243,298-299.302, 

318,320-321,328,350 

Blssels  Point  and,  relations  of. .  43,45,110 

diagnosis  of 241-243, 246, 255-256, 

297-304, 318-321, 326, 329, 346, 354 

diagram  showing ^ 

disturbance  of  mud  and,  connection 

of 4^4« 

malaria  and.    See  Malaria. 

mortality  from 110. 126-127, 

129, 240-243, 255, 299. 305, 340^45 
See  also  Mortality,  percentage  of. 
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St.  LouiB— Continued. 

typhoid  fever  at— Continued. 

opening  of  drainage  canal  and 42-45, 

68,142,106,342,354 
See  alto  Sewage,  Chicago,  elTect 
of;  Bacillus  typhosus,    trans- 
mission of. 

records  of,  1890-1902 45 

relation  of  Illinois  River  floods  and.    240- 
241,243 
relation  of  Mississippi  River  water 

.    and 44,63-64 

typhoid  in  Chicago  and,  relations  of.  240,278- 
279, 290, 305, 306, 334-336, 
338, 339-340, 348-349, 355 
See  al9o  Bacillus  typhosus,  trans- 
mission of. 
typhoid  in  Mississippi  basin  and.. .  10-11, 115- 
116,121-122,129,142,280, 
290. 303,  331-332, 334-336 
water  of ,  Chicago  sewage  and .    See  Sew- 
age, Chicago,  effect  of. 

filtration  of,  necessity  for 131, 355 

relation  of  drainage  canal  to 117, 

122, 12»-131, 156, 281, 296, 
317-318, 327-328, 337,  338 

quality  of % 97, 

104-105, 117, 127, 140-142, 280, 287 

before  opening  of  canal 72, 

87,126-127,140,142 

wells  in,  connection  of  typhoid  and 71, 

120-121,280,299,305 
St.  Paul,  sewage  of ,  relative  effects  of  Chicago 

sewage  and,  at  St.  Louis 156 

typhoid  fever  at 10,305 

Samples  for  analysis.    See  Water,  samples 

of. 
Sangamon  River,  Bacillus  coll  communis  In .     185, 

206,223 
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lJNDERGROUND  waters  of  MISSOURI:  THEIR 
GEOLOGY  AND  UTILIZATION. 


Bv  Edward  M.  Shepard. 


INTRODUCTION. 

With  the  advance  in  sanitary  science  the  value  and  importance  of  a 
IB  water  supply  for  towns  and  cities,  as  well  as  for  country  dis- 
is,  are  being  each  year  more  strongly  emphasized.  The  rapid  set- 
g  of  the  country  has  made  surface  waters  very  liable  to  contamina- 
I,  and  the  demand  for  water  from  deeper  sources,  less  exposed  to 
ftnic  impurities,  is  becoming  more  and  more  marked. 
le  rapid  growth  of  Missouri — the  1900  census  placing  her  fifth  in 
nilation  among  the  States  of  the  Union — has  brought  this  demand 
>  particular  notice  in  this  State.  Many  villages  have  grown  to 
rns  and  are  looking  for  a  suitable  supply  of  water,  not  only  for 
nestic  uses,  but  also  as  a  means  of  protection  from  fire.  Many 
BB  have  wholly  outgrown  the  capacity  of  their  source  of  water  sup- 
and  need  additional  or  new  and  larger  sources.  The  largest  cities 
fiB  constantly  to  face  the  increasing  contamination  of  the  rivers 
EH  whioh  their  water  is  derived »  and  the  necessity  of  seeking  some 
r  source  has  stimulated  inquiries  for  infoniiation  in  regard  to 
man  conditions  in  the  State.  In  the  hope  of  answering  such 
luies  to  some  extent  this  report  has  been  prepared. 
%tMe  who  have  studied  the  subject  of  artesian  wells  understand  the 
culties  which  confront  the  geolo^st  in  attempting  to  explain  or 
pribe  the  conditions  which  govern  their  distribution.  These  diffi- 
um  are  e*4|H*(Mally  aj^parent  in  Missouri,  as  so  little  has  been  done 
"Brd  elucidating  the  problems  incident  to  the  folding  and  faulting 
le  geologic  hori^ouis  of  this  gieat  State.  The  sinking  of  deep  wells 
been  largely  coj  ^  -  -hr  n lining  districts,  and  they  have  been 
fp^fBtively  few  i.  . .  uhile  it  is  but  recently  that  the  devel- 

mil  of  iht  Qi^J^^^^j^MiiBm  has  stimulated  prospecting  in  the 

louri, 


2  UNDEBGBOUND   WATERS   OF   MISSOURI, 

It  is  unfortunate  that  the  geologist  can  not  be  present  to  collect  for 
himself  the  drillings  from  deep  wells  and  notfe  the  thicknesses  of  the 
strata  passed  through,  since,  as  a  rule,  the  records  are  rather  negli- 
gently kept.  Samples  of  cuttings  are  carelessly  preserved,  the  labels 
are  either  lost  or  destroyed,  and  even  the  records  themselves  often 
disapperir.  Little  or  no  attention  is  paid  to  the  different  flows  or  to 
the  quality  of  the  water.  In  some  cases  these  wells  are  grouped  in  or 
near  certain  mining  localities  and  in  others  a  considerable  distance, 
covering  several  counties,  intervenes  between  them,  for  which  rea- 
sons deductions  made  by  the  geologist  from  cross  sections  based  on 
well-record  data  may  not  be  strictly  accurate.  Fortunately,  how- 
ever, there  are  a  few  wells  in  Missouri  which  were  drilled  under  the 
careful  supervision  of  geologists,  and  the  writer  has  been  able  to 
study  a  number  of  cases  where  samples  of  drillings  and  an  accurate  log 
have  been  carefully  preserved  by  intelligent  drillers.  On  the  other 
hand,  the  valuable  information  that  might  have  been  given  by  many 
deep  wells,  drilled  at  great  expense,  has  been  wholly  lost.  Records 
that  would  have  been  of  inestimable  value  to  the  geologist  and  the 
public  have  disappeared,  and  in  some  cases  the  well  has  been  aban- 
doned. It  is  to  be  hoped  that  in  the  future  not  only  drillers,  but 
owners  of  such  wells  will  see  to  it  that  records  and  samples  of  drillings 
are  preserved  and  that  information  regarding  them  is  given  either  to 
the  State  or  to  the  United  States  Geological  Survey. 

The  writer  wishes  here  to  express  his  appreciation  to  Mr.  M.  L 
Fuller,  under  whose  direction  this  work  has  been  done;  to  Mr.  W.  B. 
Johnson,  of  Memphis,  Tenn.,  who  rendered  invaluable  assistance  in 
making  many  well  records  accessible;  to  Mr.  C.  B.  Bailey,  of  Wynne, 
Ark. ;  Mr.  Thomas  Beckwith,  of  Charleston,  Mo. ;  Messrs.  W.  G.  Lan- 
han  and  W.  C.  Davis,  engineers  for  the  Memphis  Water  Company; 
Mr.  W.  E.  Pratt,  of  Samburg,  Tenn.;  Mr.  W.  B.  Beckman,  of  Blythe- 
ville.  Ark.;  to  Dr.  E.  R.  Buckley,  State  geologist  of  Missouri:  to  Mr. 
R.  Hawkins,  of  Cliillicothe ;  and  many  others  who  have  cheerfully 
given  the  result  of  their  observations. 

HISTORICAIi  FACTS. 

The  term  "  artesian  *  ^  is  derived  from  the  province  of  Artois,  France, 
where  one  of  the  first  wells  of  this  character  was  sunk,  and  it  dates 
back  probably  to  the  twelfth  century.  Norton,  in  his  Artesian  Wells 
of  Iowa,"  calls  attention  to  the  fact  that  at  Modena,  in  northern  Italy, 
are  wells  of  about  the  same  antiquity  as  those  of  Artois.  They  have 
been  in  use  for  many  centuries  in  Austria.  It  is  believed  that  they 
have  a  great  antiquity  in  China;  and  Tchihatchef  affirmed,  in  an  ad- 
dress before  the  British  Association  in  1882,  that  the  ancient  Greeks 
sunk  artesian  wells  in  Sahara,  at  Baalbek,  and  at  other  points.    One 

0  Norton,  W.  H.,  Ann.  Rept.  Iowa  Geol.  Survey,  vol.  6,  1897,  p.  123. 
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of  the  earliest  wells  sunk  in  this  country,  so  far  as  it  has  been  possible 
to  determine,  was  bored  for  salt  at  Spalding,  near  Rensselaer,  Ralls 
County,  Mo.,  about  1823. 

It  is  most  unfortunate  that  the  term  artesian  is  used  so  loosely. 
Originally  it  designated  flowing  wells  only,  but  in  later  years  it  has 
been  also  applied  to  deep  wells  that  do  not  flow.  Norton  has  sug- 
gested the  term  "subartesian'*  for  nonflowing  deep  wells,  and  it  is 
very  desirable  that  some  such  distinction  should  be  made.  In  this 
report  each  well  will  be  designated  as  "flowing"  or  "nonflowing." 

REQUISITE  CONDITIONS  FOR  FI/OWING  ARTESIAN  WEIil-S. 

In  a  general  way  the  principal  requisite  for  the  production  of  a 
flowing-water  well  is  the  direct  opposite  of  that  for  a  gas  well.  Both 
require,  first,  a  reservoir — that  is,  a  stratum  of  coarse-grained  or 
granular  rock,  which  may  be  either  a  sandstone  or  a  coarse-grained 
limestone;  second,  an  impervious  protecting  cap  rock,  which  is  gen- 
erally a  shale  or  a  very  compact  limestone ;  but  the  third  and  most 
important  point,  in  which  the  two  classes  of  wells  differ,  is  that  the 
gas  collects  at  the  crest  of  a  fold  of  strata,  i,  e,,  at  the  summit  of  an 
anticline,  while  the  water  accumulates  in  a  basin  or  synclinal  trough. 
These  two  classes  of  wells  differ  also  in  the  source  from  which  they  are 
derived.  The  gas  usually  originates  in  the  carbonaceous  shale  that 
underlies  the  reservoir,  while  the  source  of  the  water  is  frequently 
many  miles  away,  at  the  point  where  the  rock  which  forms  its  reser- 
voir outcrops,  necessarily  always  at  a  higher  level  than  that  from 
which  the  well  starts.  A  sufficient  rainfall  in  its  catchment  basin  is 
also  an  esse^tial  condition  for  the  existence  of  a  successful  artesian 
well.     Williams**  has  shown  that — 

A  rainfall  of  30  inches  per  year,  which  is  well  within  the  average  rainfall  of  the  east- 
em  United  States  [as  well  as  of  the  State  of  Missouri],  would  supply  to  the  gathering 
area  of  a  100-foot  stratum,  dipping  at  an  angle  of  1°,  3,400  barrels  of  water  a  year  for 
every  foot  in  width  across  the  outcrop,  of  which,  if  but  one-third  is  taken  up  by  the 
stratum,  upward  of  1,100  barrels  per  year  will  be  stored  in  every  foot  of  its  width. 
Hence  the  enormous  flow  from  some  noted  artesians  need  excite  no  surprise.  An 
artesian  well  in  the  city  of  Louisville  is  said  to  yield  330,000  gallons  every  twenty-four 
hours,  from  a  depth  of  2,086  feet.  One  in  the  city  of  Paris,  the  Grenelle  well,  dis- 
chaigee  over  half  a  million  gallons  per  day  from  a  depth  of  1,806  feet,  while  one  bored 
by  a  French  engineer  in  the  Sahara  Desert  is  said  to  have  yielded  at  the  outset  1,000 
gallons  per  minute,  or  about  1,500,000  gallons  per  day. 

Gas  fields  are,  as  a  rule,  confined  to  certain  geologic  horizons.  For 
example,  in  Kansas  and  Missouri  gas  is  found  only  at  the  base  of  the 
Pennsylvanian,  in  the  Cherokee  shale.  It  is  also  true  that  certain 
geologic  horizons  are  eminently  water  bearers.  Later  in  this  report, 
for  example,  it  is  shown  that  the  St.  Peter  sandstone,  where  the  other 
conditions  are  favorable,  is  one  of  the  most  prominent  reservoirs  for 

aWilUams,  S.  J.,  Applied  Geology,  New  York,  1886,  p.  62. 


4  UNDERGROUND    WATERS   OF    MISSOURI. 

artesian  waters.  Further,  diflFerent  water-bearing  horizons  vary 
decidedly  in  the  quality  of  waters  produced.  In  the  loose  incoherent 
sands  of  the  Tertiary  is  found  an  abundance  of  good  water,  though  it 
is  inclined  to  be  somewhat  chalybeate.  In  the  sandstones  of  the 
Pennsylvanian  sulphur  and  saline  waters  may  be  expected.  In  the 
Hannibal  formation  of  the  Kinderhook  group  magnesium-sulphate 
(Epsom  salts)  waters  are  the  general  rule.  At  the  base  of  the  porous 
upper  part  of  the  Burlington  hard  but  pure  waters  are  found.  The 
water  of  the  St.  Peter  sandstone,  if  it  has  not  traveled  too  far  and 
become  laden  with  impurities,  is  likely  to  be  soft  and  fresh. 

As  has  been  stated,  artesian  waters  are  sometimes  found  in  basins— 
that  is,  in  old  lake  or  estuary  beds.  Under  such  conditions  the  water 
falling  on  surrounding  outcropping  strata  drains  into  the  basin  from 
all  sides.  The  accompanying  diagram  (fig.  1),  modified  from  Wil- 
liams, gives  an  idea  of  a  basin  which  has  been  faulted  on  one  side. 
The  catchment  area  is  higher  on  each  side  than  in  the  middle,  and  the 
upturned  edges  of  the  strata  outcrop  there.     The  porous  sandstone 


I 

Fig.  1.— Diagram  illustrating  o^spntlal  conditions  for  art^ian  wella  and  springs. 

beds  a,  c,  and  h  are  covered  above  and  below  by  impervious  shale  beds. 
Wells  drilled  through  the  upper  shale  at  any  point  in  the  basin,  below 
the  outcropping  edges,  will  tap  the  water  under  pressure  and  will  flow. 
Sometimes  strata  gradually  change  in  character,  as  illustrated  in  ^  in 
the  diagram,  the  sandstone  bed  merging  into  shale.  This  sandstone 
bed,  when  tapped,  as  at  i,  will  yield  flowing  water.  It  is  clear  that 
the  rainfall  soaking  into  the  outcropping  edges  of  the  porous  strata 
passes  downward  in  these  beds  and,  being  under  pressure,  will  rise, 
when  tapped,  as  at  c  and  d,  and  flow  to  the  surface,  with  a  force  pro- 
portionate to  the  height  of  the  head  above  the  mouth  of  the  well.  H 
a  well  were  sunk  at  &,  water  would  not  flow,  because  b  is  at  the  same 
height  as  the  head  a.  At  g  the  strata  have  been  faulted,  and  those  to 
the  left  have  gone  down.  Such  a  fault  line  as  this  frequently  marks 
the  passage  of  water  that  rises  in  springs,  as  at  g.  Water  from  a  well 
drilled  at  c  would  rise  with  much  greater  force  than  from  a  well  at  (J, 
because  the  head  at  c  is  higher. 

If  a  basin  was  formerly  an  estuary  of  the  sea,  which  has  been  tilted 
so  that  the  mouth  has  been  elevated,  or  if  the  mouth  has  been  filled 
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up  with  impervious  deposits  so  that  the  salt  water  has  slowly  evapo- 
rated, leaving  the  basin  to  be  subsequently  filled  with  alternating 
deposits  of  sand  and  clay,  all  the  conditions  requisite  for  brine  wells 
will  be  found.  Such  conditions  explain  the  brine  wells  and  springs 
of  Saline  and  Howard  counties,  and  are  more  fully  described  in  the 
text  (pp.  80-81). 

Another  common  condition  favoring  the  collection  of  artesian  waters 
is  found  in  basins  which  contain  sand,  with  an  impervious  clay  layer 
above,  and  into  which  the  drainage  comes  from  three  directions.  As  an 
example  of  this  the  conditions  in  southeastern  Missouri  may  be  cited. 
The  valley  of  the  Mississippi  lies  in  a  trough,  between  the  Ozarks  on 
the  west  and  the  Kentucky  and  Tennessee  plateau  on  the  east.  Here 
powerful  drainage  flows  in  from  the  north,  the  west,  and  the  east. 
This  is  one  of  the  strongest  artesian  basins  in  the  interior  States. 

Again,  the  source  of  artesian  waters  may  be  from  o^e  direction 
only — as,  for  example,  on  the  long,  gentle  slope  of  a  fold,  where  the 
head  is  higher  than  the  point  at  which  the  well  is  drilled.  Such  is 
commonly  the  case  in  many  parts  of  the  State. 

Faulting  may  produce  artesian  conditions  where  they  would  not 
otherwise  be  present,  the  displacement  bringing  an  impervious  stra- 
tum against  the  porous,  water-bearing  stratum. 

Another  consideration  of  much  importance  as  regards  the  abun- 
dance of  water  supply  is  the  area  of  the  outcrop  of  the  porous  beds, 
or  the  breadth  of  the  absorbing  surface  exposed.  Williams  ^  has 
shown  the  great  extent  of  the  catchment  area  where  only  a  slight  dip 
is  found.  He  says:  **The  breadth  of  exposure  on  a  level  surface  of 
beds  100  feet  thick  with  a  dip  of  1°  would  be  a  trifle  more  than  a  mile, 
and  for  2®  dip  about  one-half  mile,  the  breadth  of  surface  exposed 
varying  inversely  as  the  dip.  Hence  a  moderate  degree  of  dip  will 
give  a  greater  extent  of  gathering  ground,  or  area  of  catchment,  as  it 
is  often  termed.'* 

VARIATION  IN  TlIK  Fl^OW  OF  ARTE8IAN  WKL.I>5. 

Artesian  wells  sometimes  vary  in  their  flow.  Some  gradually 
weaken  until  their  flow  ceases  altogether;  others  stop  flowing  when 
wells  near  by  are  pumped,  as  illustrated  by  those  of  the  De  Soto 
group;  and  still  others  have  periodic  variations  or  fluctuations  in 
their  discharge.  Such  fluctuations  are  due  in  many  cases,  no  doubt, 
to  barometric  variation  in  pressure;  near  the  seashore  they  may  be 
due  to  tidal  influence;  in  some  cases  they  are  believed  to  be  due  to  a 
siphon  action,  when  the  conditions  in  the  waterway  are  favorable. 

a  Williams,  8.  J.,  Applied  Geology,  New  York,  1H8*>,  p.  fil. 
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T\w  uneH  of  ftrleMan  well^,  aside  from  their  value  in  8upplTiii|if 
for  domestic  puriM>sH*s,  are^  among  others,  as  a  source  <if  mi 
witti^rs;  U}  furnisli  water  for  irrigfttion;  for  protection  a^dni^ 
for  the  developnieiit  of  power  for  manufat'tiirin^  piirp<K!*t^;  fa 
production  of  iieat,  Liust,  hut  not  Ica^st  *  the  iinportiUK'e  of  the 
i^iai^  well  MS  a  j^eolo^ic  a^^Mit  is  a  matter  whicli  challen^^i*  atU 
and  which  has  hcret^iforc  been  eutirely  iiv<*rh)oki.'<L*' 

Ttic  watern  of  eertaiii  wells  poswess  mineral  canst ituentn  wliici 
der  thoiii  vahiahle  tlierapoutit-  a^*nt8,  hoth  ff?r  internal  aud  i*i1 
iiH«%  and  the.se  pive  rist*  to  the  estahlii^hinent  of  heullti  rtiaorU. 
of  tile  finest  of  such  resorts*  in  tlie  Went  aro  l<>c*ut^d  in  thb  SUI 
derive  their  water  from  deej>  wells. 

Th(*  uhiindane(>  of  rainfall  in  MisNouri,  as  shown  by  ihe  taWei 
eh^se  of  this  seetion,  and  its  excellent  drainage  wviit^^m  nnidi*ri 
tion  uniieeessary;  Init  the  value  of  artesian  wcdls  far  sjuch  a  fw 
in  the  far  Wt^t  is  largely  recogniz^ed.  One  of  thp  lUtKSt  imp 
Berviee«  rendered  hy  thewat^'r  resoureen  braneli  of  the  I'nrted^ 
tieolo^ieal  8iir\^ey  is  the  location  of  st^ira^^^  rivservtdr**  and  th 
lining  of  art4*8ian  distriets  for  the  irrigation  of  the  arirf  irp 
the  West.  The  hasins  located  hetwt^n  many  of  the  rang<^i 
Kocky  Mountain  svsteni  are  deserts.  Fortunately  the  ^tn^ia» 
from  the  frecpiently  snow-ea]>ped  mountains  prestmt  favor&bh 
(htions  ft»r  artesian  waters,  and  lar^e  areas  are  now  beini:  in-' 
hy  means  of  llowinu:  w(»lls. 

In  several  case's,  where  the  water  from  an  artesian  well  lia^  [• 
too  saline  for  domestic  |>iirj){)ses  it  has  heeii  found  that  thi^  cfiar 
istic  has  rend(M'(Ml  it  of  |)articular  value  in  (\\tinLruishiiii:  tii'c-. 

j)arton/'  in  his  repnii  on  "Artesian  wells  of  a  portion  of  \\\r 
tas,"  (l(\scrii)es  the  utilization  of  |)ower  from  souk*  artesijin  u< 
|)i-oducin^  electrical  energy  and  runnintj:  nulls.  T\w  pre-^-ur* 
nunil)er  of  cases  I'eaclies  100  to  lot)  pounds.  TIumv  are  a  nuni 
wells  in  Missouri  that  have  a  considcM'ahle  [)ressure,  hut  are  not  u' 
for  power. 

None  of  the  wells  (►f  this  State  have  wat<'r  of  a  IultIi  teni(H  y 
thou;ih  some  of  them  reach  a  considc^ahle  (l(»pth. 

.'S.,   Sh.  |...rM,  K    M  .    v.w   M.Mln.l  ...rtlHpiMk.':   .I<Mir.  (Jm.I  .  \n|.  ];:.   ]■  ,c.    j.    : ', 
?   I>.irtoii.  N.  11.,  Srxciitr.'iilh  Ann.   K»'|»l.  (   .  S.  (i^'ol.  Survey,  pt.  J,  iv*  .  p;..  -  *■      • 
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Average  annucd  precipitation  in  Missouri  for  ten  years ^  by  counties. 
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Greene... 
Grundy., 
Harrison. 
Henry. 


Inches. 
....  43 
....  36 
....  36 
....  40 


Hickory 43 

Holt 37 

Howard 37 

Howell 43 

Iron : . . .  45 

Jackson 36 

Jasper 46 

Jefferson 41 

Johnson 37 

Knox 36 

Laclede 44 

Lafayette 37 

Lawrenc»' 47 

Lewis 36 

Lincoln 38 

Linn 37 

Livingston 36 

McDonald 47 

Macon 37 

Madison 45 

Maries 41 

Marion 38 

Mercer 37 

Miller 41 

Mississippi 43 

Moniteau 38 

Monroe 38 

Montgomery 39 

Morgan 39 

New  Madrid 46 

Newton 46 

Nodaway 36 

Oregon 43 

Osage 40 


Inches. 

Ozark 44 

Pemiscot 45 

Perry 42 

PettiH 37 

;  Phelps 42 

Pike 38 

Platte 35 

I  Polk 43 

!  Pulaski 42 

Putnam 36 

;  Ralls 37 

'  Randolph 37 

Ray 37 

Reynolds 43 

I  Ripley 45 

'  Saline 35 

i  Schuyler 35 

I  Scotland 35 

I  Scott 44 

Shannon 43 

!  Shelby 38 

I  St.  rharles 41 

[  St.  Clair 42 

St.  Francois 43 

Ste.  Genevieve 42 

I  St.  Ix)ui8 • 39 

Stoddard 46 

Stone 47 

Sullivan 37 

Taney 46 

Texas 41 

Vernon 42 

Warren 40 

Washington 42 

Wayne 44 

Webster 43 

Worth 35 

Wright 43 


TOPOGRAPIIV. 

Taphically  Missouri  is  naturally  divided  into  six  great  dis- 
he  northwest  plateau,  the  north-central  prairie  region,  the 
t.  Francis  dome,  the  Ozark  border,  the  southeastern  lowlands, 
Lincoln  Ridge,  all  of  which  are  outlined  on  the  accompanying 
.2). 

NORTHWEST    PLATEAU    DISTRICT. 

orthwest  plateau  includes  the  elevated  portion  of  the  north- 
third  of  the  State  and  is  bounded,  approximately,  by  the  900- 
1»5— 07 2 
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foot  contour  indicated  on  the  map.  This  plateau  gently  rises  in  alti- 
tude to  the  northwest  corner  of  the  State,  where  its  elevation  is  over 
1,200  feet.  Geologically,  however,  the  strata  generally  dip  about  10 
or  15  feet  to  the  mile  in  a  northwesterly  direction,  thus  burying  to  a 
considerable  depth  the  Pennsylvanian  rocks,  wliich  outcrop  on  the 
southern  border  of  the  district.  The  surface  is  relatively  smooth  and 
gently  rolling,  slightly  trenched  by  the  rivers  which  drain  it  and 
covered  with  a  mantle  of  drift,  which  is  composed  on  the  surface  of 
a  fine  sandy  silt  and  clay.  Along  Missouri  River,  however,  are  large 
deposits  of  loess.  The  valleys  of  the  smaller  streams  are  usually 
broad,  with  gentle  slopes,  owing  to  the  character  of  the  underlying 
rocks,  which  are  largely  shales  and  sandstones.     Rarely,  where  the 

streams  cut  into  thin 
limestone  beds,  agreater 
irregularity  of  the  sur- 
face is  noticed. 

NORTH-CENTRAL 
PRAIRIE    DISTRICT. 


The  north-central 
prairie  is  bounded  on 
the  south  by  an  arbi- 
trary line  that  starts  on 
Mississippi  River,  in  St. 
Charles  County,  and 
runs  in  a  northwesterly 
direction  until  it  strikes 
the    southern    900-foot 


Fig.  2.— Map  showing  topographic  districts  of  Missouri. 


contour  north  of  Cooper  County.  Thence  this  line  runs  in  a  south- 
erly and  southwesterly  direction,  leaving  the  State  in  Barton  County. 
This  irregular  prairie  district  is  deeply  bisected  by  Missouri  River 
and  is  trenched  on  the  north  and  south  by  the  tributaries  of  the 
Missouri.  The  altitude  of  the  flood  plain  of  the  river  at  the  lowest 
point  in  this  district  is  a  little  over  600  feet.  It  rises  gradually  to 
the  northeast  as  far  as  the  Iowa  line,  where  its  altitude  is  about 
1,200  feet.  From  the  Missouri  southwest  to  the  Kansas  line  it 
reaches  an  altitude  of  from  800  to  900  feet. 

OZARK-ST.  FRANCIS  DOME  DISTRICT. 

The  Ozark-St.  Francis  dome  district  includes  an  elevated  elliptical 
plateau,  having  a  northeast-southwest  trend.  It  extends  in  a  broad 
belt  from  a  point  near  Mississippi  River  to  the  Arkansas  line.  The 
northwestern  hmit  of  this  district  is  marked  on  the  topographic  map 
(%.  2)  by  an  irregular  Une.     The  general  axis  ex:tends  from  Iron 


TOPOGRAPHY.  9 

County  southwestward,  and  leaves  the  State  near  the  southeast  cor- 
ner of  Barry  County.  As  a  rule,  the  strata  dip  gently  at  right 
angles  to  this  axis.  The  highest  point  in  this  district,  as  well  as  in 
the  State,  is  Taum  Sauk,  the  crest  of  the  St.  Francis  Mountains,  in 
Iron  County,  which  reaches  an  elevation  of  1,800  feet.  The  crest  of 
the  Ozarks  is  reached  at  Cedar  Gap,  in  Wright  County,  at  an  eleva- 
tion of  1,700  feet.  The  geologic  formations  involved  in  the  Ozark 
dome  are  mainly  hard  silico-magnesian  limestone  and  more  or  less 
indurated  sandstones.  The  drainage  to  the  north  and  west  of  the 
main  axis  is  into  Osage  and  Missouri  rivers.  To  the  south  it  is 
mainly  through  James  Fork,  Bryants  Creek,  Current  River,  and 
Black  River  into  White  River,  and  through  St.  Francis  River  into 
the  Mississippi.  The  Current,  flowing  southeastward,  and  Piney 
Fork  of  the  Gasconade,  flowing  northward,  nearly  bisect  the  dome. 
The  streams  flowing  across  the  dome  on  either  side  have  cut  less 
deeply  than  those  along  the  border  of  the  Ozarks.  This  is  due  to 
the  nature  of  the  rocks  and  the  slope  of  the  streams. 

OZARK  BORDER  DISTRICT. 

The  Ozark  border  district  is  a  region  marked  by  a  deeper  trench- 
ing of  the  streams  and  by  numerous  sink  holes,  which  are  a  striking 
characteristic  of  the  region.  Near  the  inner  margin  of  this  area  are 
found  many  of  the  great  springs  of  the  Ozarks,  which,  in  a  number 
of  cases,  are  the  outlets  of  underground  rivers  and  are  of  phenome- 
nal size.  The  scenery  along  this  margin  is  unique.  It  is  here  that 
the  valleys  are  deepest  and  the  bluflFs  most  abrupt  and  picturesque. 
The  outer  margin  of  the  district  gradually  merges  to  the  north  into 
the  prairie  district. 

SOUTHEASTERN  LOWLANDS  DISTRICT. 

The  southeastern  lowlands  district  includes  that  part  of  the  State 
which  lies  southeast  of  a  line  running  from  a  point  near  Cape  Girar- 
deau southwestward  to  a  point  in  the  southeast  comer  of  Ripley 
County  and  approximately  marked  by  the  400-foot  contour.  The 
line  of  demarcation  between  the  Ozark  dome  and  the  lowlands  is 
somewhat  abrupt,  as  there  is  no  border  district  on  the  southeast  of 
the  dome.  This  is,  in  some  respects,  the  most  striking  topographic 
district  in  the  State.  It  has  a  width  of  about  50  miles.  In  a  gen- 
eral way  the  surface  is  nearly  a  level  plain,  broken  by  the  irregular 
Crowleys  Ridge,  which  extends  northeastward  from  Arkansas  to 
Commerce,  Mo.,  on  the  Mississippi.  This  ridge  is  broader  at  the 
south  and  gradually  narrows  to  the  northeast,  being  finally  broken 
into  several  isolated  elevations,  such  as  Ringer  Hill,  Cow  Hill,  Lost 
Hill,  Birds  Hill,  and  Benton  Ridge,  that  stand  up  boldly  in  the 
midst  of  the  general  plain.     It  is  a  remnant  of  a  former  coastal 
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pill  in  Hud  h  being  ntpidly  mducwl  by  erosion.  The  Mlope  is  n  >  I 
gentle  tcnvdrd  the  eas^t,  with  a  nit  her  abrupt  Bscarpin<^nt  m  ^\w»  % 
on  the  wc^t,  facing  the  St.  Francb  Valle\\  Marbul  "  hft&  sbofi  I 
haw  Crow  leys  Rid^e  was  left  by  the  chan^o  in  the  channel  4MW  I 
siHsippi  Kiver,  which  formerly  /lowed  between  the  Ozark  hi^^Mifi^fl 
and  thi^  ridge  and  emptied  into  what  was  then  Ohio  River*  mB 
Helena,  Ark.  Later,  after  several  changes  in  iti*  coiirse,  th^  Miflfl 
eippi  wa8  captured  by  tlio  Ohio,  and  its  prejRent  HckhI  plain  b  til 
low  region  east  of  Crowleys  Ridge.  It  should  be  renrenibrrwi  IIh 
the  drainage  of  the  Ozarks  emptier  into  this  lowland  und  heljB,  «9 
ttie  drainage  from  Illinois  on  the  north  and  from  Kenturkr  ifl 
Tennf^si^ee  on  the  east,  to  fonn  a  \*^ry  reniarkable  mic^kn  ht^ 
The  majority  of  the  atreanis  tm  the  southern  slopes  of  the  ffeafi* 
bend  abruptly  at  right  angles  on  entering  the  St.  Francis  hum. 
The  flood  plain  of  the  Mississippi  east  of  Crowleys  Ridge  is  [pnm 
IDO  to  150  feet  lower  than  the  present  top  of  the  ridge,  and  shows 
the  amount  of  erusion  that  has  taken  place  from  the  original  Ievri<*f 
the  coastal  plain,  whieh  was  undoubtedly  considerably  higher  tfatt 
the  present  altitude  of  the  ridge.  The  sections  i^iven  aoxira  tb 
district  (p.  35)  sliow  tlie  striking  manner  in  which  Cnmlei-B  Rit^ 
rises  from  the  dead  level  of  the  lowlands,  like  an  island  in  the  <«i 
With  the  exception  of  a  low  dome  about  New  Madrid,  elcrafe^l  frnra 
20  to  'M)  feet,  tlio  general  level  is  unbroken,  save  by  low  ridge^^  ahrr- 
iiating  with  narrow,  tortuous  lakes,  rivers,  and  swamps  running  i" 
more  or  less  irregular  |)arallcl  lines  between  (Vowlevs  Kidi:*^  ,i:  i 
Mississippi  Kivcr.  Towani  the  south  of  the  lowland  district  rl.tn 
is  a  <i:enoral  troutio  slope*  away  from  the  Mississippi  to  the  s()Utli\\t'>i 

LINCOLN   RIDGE  DISTRICT. 

Tiincohi    Kiduo  is  an   antirlinal  axis  entering  Missouri    in  Liri"  -:. 
County   ffoui  Calhoun  County  in  Illinois.     This   anticline*  Jia>  Utl 
ralhMJ  tlic  Cap  an  (Ires  fault.     Its  main  axis  has   a  general  northrr'- 
(•oui's(\  (livcrginir  sliii:htly  to  the  west.      It  may  be  traced  in  an  irrej  • 
lar  lin(*  throuuh  Lincoln,  l^ikc.  Ralls,  and  a  part  of  Marion  count >- 
The  u|)lift  has  LrivcMi  rise*  to  a  characteristic  topographv  throui:!' '  ' 
this  region.     The  e^astcrn  side,  toward  the  Mississippi,  is  nion*  or  lr-> 
a])ruj)t.  hcin^^  scaujcd  and  scored  l)y  deep,  narrow  valh^ys  altcrnain: 
\\ith  roundeMi  and  in  many  cases  conical  hills.     ThcdidVirnt  izc*'!-: 
fnrniations.  fi'oni  their  varyinir  texture,  illustrate  tlie  changini:  (icL^t'^ 
of  erosion,  the  shales  i:i\  inir  ircntlc  slopes,  while  tlie  hardier  linle^t"I'^ 
and  sandstones  form  siovp  lcri*ac(\s  and  declivities.      The  surface-  ' 
these*   hills.   \\  Inch   stand    uj)   se*ve*ral   hundreei    feet    above   the  nvr: 
rapidly  uierL^^e  into  a  ])rairie'  plate*au  toward  the  west.      The  drainri:^ 

■-'  Thorvolution  of  tlicnortht'iri  j'art  of  the  lowlands  of  southeastern  MissouiM:  Univ.  Ml^^oln  ^:  .: 
vol.  1.  .Vo.  .i,  J!«)2. 
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on  the  east  is  directly  into  the  Mississippi.  On  the  west,  south  of  Salt 
River,  it  runs  into  streams  that  are  more  or  less  parallel  with  the  uplift 
and,  turning  abruptly  to  the  east  just  south  of  the  anticline,  enters  the 
Mississippi. 

Topographically,  Missouri  presents  a  considerable  diversity,  in  strik- 
ing contrast  to  those  States  which  lie  to  the  northeast,  north,  and  west. 
The  broad  prairies  of  Illinois  and  Iowa  and  the  plains  of  Nebraska 
meet  in  the  northern  half  of  this  State.  In  the  Ozark  plateau  and 
l>order  is  some  of  the  most  picturesque  scenery  to  be  found  in  the  Mis- 
sissippi basin,  scenery  that  combines  the  most  striking  features  of 
the  mountainous  regions  of  Kentucky,  Tennessee,  and  Arkansas.  In 
the  southeastern  lowlands  are  anticipated  the  broad  coastal  plains  of 
the  Southern  States. 

GEOIiOGY. 

ROCK  FORMATIONS. 
GENERAL   STATEMENT. 

The  diversified  topography  of  this  State  and  the  combination  of 
features  characteristic  of  surrounding  States  indicate  a  wide  range  of 
geologic  horizons.  In  southeastern  Missouri  the  oldest  and  the  most 
recent  formations  are  seen  almost  side  by  side. 

The  St.  Francis  Mountains  were  in  the  earliest  Paleozoic  period,  the 
Cambrian,  an  archipelago  of  islands  far  distant  from  any  other  land 
of  that  primitive  time.  They  formed  a  nucleus  for  the  development 
of  this  portion  of  the  continent. 

The  rocks  of  the  State  may  be  divided  into  the  two  groups,  crystal- 
line and  sedimentary.  The  nomenclature  of  Missouri  geologic  forma- 
tions has  been  heretofore  in  a  very  unsettled  condition.  Although 
this  was  one  of  the  first  States  in  the  interior  to  establish  a  geological 
survey,  later  and  more  complete  surveys  have  been  made  in  surround- 
ing States,  with  the  result  that  many  of  the  names  first  given  to  Mis- 
souri formations  have  had  to  be  abandoned,  for  the  reason  that  they 
were  largely  based  on  lithologic  characters — a  method  of  nomencla- 
ture no  longer  permissible.  It  is  the  intention  in  this  report  to  give 
a  brief  resume  of  the  different  formations  of  the  State,  emphasizing 
those  which  have  an  important  relation  to  the  water  resources  of  the 
region  under  discussion. 

Three  of  the  five  great  eras  of  geologic  history  are  represented  in 
Missouri,  viz,  the  Archean,  Paleozoic,  and  Cenozoic;  and  while  the 
rocks  of  the  Mesozoic  do  not  outcrop  in  the  State,  they  are  repre- 
sented in  deep-well  sections  in  the  southeast  comer.  The  following 
table  gives  a  list  of  the  geologic  formations,  as  complete  as  it  is  pos- 
sible to  make  it  at  the  present  day.  The  writer  is  indebted  to  Dr. 
E.  O.  Ulrich  for  the  synonymy  of  the  Cambrian,  Ordovician,  Devonian, 
and  Mississippian. 
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Geologic  formations  of  Missouri, 


System. 


Series. 


Group. 


Formation. 


Quaternary. 


(Recent 
Pleistocene. 


Tertiary (Pliocene. 

1  Eocene.. 
Cretaceous 


Carbbntferoua. . 


Devonian.... 
Silurian 

OrdoWcian... 


Cambro  -  O  r  d  o  v  i 
clan. 


Cambrian. 
Archean. . . 


Pennsylvanian. 


Mississippian. 


Alluvium  and  residual  soil. 

{Terrace  gravel. 
Loe«s. 
Till. 
Columbia  clay. 
I  Lafayette  frravel. 
J  Lagrange  formation. 
\  Porters  Creek  formation. 
Rfpley  sand. 

Missouri |  Undifferentiated. 

Pleaaanton  shale. 
Henrietta  Umestone. 
Cherokee  shale. 
Oraydon  sandstone. 
Birds  ville  formation. 
Tribune  limestone. 
Cypress  sandstone. 
Ste.  Oeneideve  Umestone. 
St.  Louis  fime«tone. 


If 

[Des  Moines. 


Chester. 


Meramec. 


Osage. 


Spergen  limestone. 
War 


arsaw  formation. 
(Keokuk  limestone. 
;1  Burlington  limestone. 

Chouteau  limestone. 
Kinderhook {  Hannibal  formation. 

Louisiana  Umestone. 

Chattanooga  ahale. 

Callaway  nmeatone. 

Clear  Creek  chert. 
(Bailey  limestone. 
1  Bainbridge  limestone. 
^Girardeau  limestone. 

Maquoketa  ahale. 

Polk  Bayou  Umestone. 

Kimmswick  limestone. 

Plattin  Umestone. 

Joachim  limestone. 

St.  Peter  sandstone. 

{Jefferson  City  limestone. 
Roubidoux  sandstone. 
Gasconade  limestone. 
Elvins  formation. 
(Bonnetorre  limestone. 
\La  Motte  sandstone. 
I  Iron  Mountain  porphyry. 
\Knob  Lick  grarate. 


ARCHEAN. 

The  Archean  rocks  are  confined  entirely  to  the  St.  Francis  Moun- 
tains in  the  southeastern  part  of  the  State.  They  consist  of  granites 
and  porphyries,  mainly  the  latter.  About  700  or  800  feet  of  these 
rocks  are  exposed.  They  are  the  oldest  in  the  Mississippi  Valley,  «u« 
well  as  in  Missouri.  Around  this  early  land  area  are  grouped  in  con- 
centric bands  the  later  geologic  formations.  The  porphyries  are 
usually  found  near  the  surface  and  the  granites  underneath,  the  two 
gradually  merging  into  each  other,  indicating  that  they  were  probably 
formed  from  the  same  magma,  their  differences  being  largely  due  to 
the  variation  in  the  i)hysical  conditions  under  which  they  were 
formed. 

These  rocks  outcrop  in  Madison,  St.  Francois,  Iron,  Washington, 
Wayne,  Reynolds,  Shannon,  Carter,  Ste.  Genevieve,  Butler,  and 
Crawford  counties.     Keyes  **  classifies  tliese  crystalline  rocks  into 


a  Keyes,  I'.  H.,  Report  on  Mine  In  Motte  sheet;  Missouri  Geol.  Survey,  vol.  9.  1896,  p.  19. 
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the  Iron  Mountain  porphyry,  300  feet  thick,  and  the  Knob  Lick 
granite,  400  feet  thick. 

Knob  Lick  granite. — This  granite  has  its  maximum  development 
around  Knob  Lick,  in  St.  Francois  County.  It  is  usually  reddish  in 
color,  is  composed  mainly  of  quartz  and  feldspar,  and  is  as  a  rule 
rather  coarse  grained.  Biotite  mica  and  hornblende  are  rarely 
present.  It  frequently  weathers  in  characteristic  rounded  masses, 
well  shown  near  the  quarries  at  Arcadia. 

Iron  Mountain  porphyry. — This  rock  is  usually  found  capping  the 
granite,  except  where  it  has  been  removed  by  erosion.  The  por- 
phjTies  are  more  abundant  on  the  west  and  the  granites  on  the  east 
of  the  Archean  district.  Haworth"  has  very  fully  described  these 
rocks.  He  divides  the  porphyries  into  two  great  classes — the  por- 
phyries proper  and  the  porphyrites.  The  first  are  made  up  of  quartz 
and  orthoclase,  with  microcline  phenocrysts,  the  red  variety  having 
no  phenocrysts.  The  second  group  includes  those  which  have 
prominent  phenocrysts  composed  of  the  varieties  of  triclinic  feld- 
spars, usually  greenish  in  color,  due  to  the  minute  dissemination  of 
epidote  crystals.  As  might  be  expected,  springs  are  rare,  and  the 
water  supply,  as  a  rule,  is  poor  in  the  granitic  region. 

Other  igneous  rocks. — Numerous  dikes  of  basic  eruptives  are  found, 
mainly  of  diabase,  in  the  St.  Francois  region.  These  dikes  vary  from 
less  than  1  inch  up  to  50  or  100  feet  in  width,  and  are  usually  vertical, 
or  nearly  so. 

In  Camden  Coimty,  just  south  of  the  middle  of  the  State,  is  an 
exceptional  dike  or  boss  of  pegmatite,  made  up  mainly  of  microcline 
feldspar,  with  some  albite  or  oligoclase  and  numberless  small  masses 
of  quartz.  From  this  dike  the  strata  dip  in  every  direction.  This  is 
the  only  outcropping  of  igneous  rocks,  so  far  as  known,  outside  of 
the  district  already  described.  For  a  fuller  description  of  this  locality 
the  reader  is  referred  to  the  paper  by  the  writer  on  '^The  spring  sys- 
tem of  the  Decaturville  dome."'' 

CAMBRIAN. 

The  Cambrian  rocks  overlying  the  Archean  are  represented  by  the 
Bonne terre  limestone,  500  feet  thick,  and  the  La  Motte  sandstone, 
300  feet  thick. 

La  Motte  sandstone. — This  sandstone,  which  usually  surrounds  the 
granite  and  i>orphyr}'  outcrops,  was  first  given  the  above  name  in  the 
description  of  the  mines  at  Mine  la  Motte.  It  probably  has  a  total 
thickness,  in  the  Archean  area,  of  200  to  300  feet.  It  is  a  soft, 
rather  fine-grained,  compact  sandstone,  cemented  with  calcareous 

aHaworth,  Erasmus.  The  crystalline  rocks  of  Missouri:  Missouri  Oeol.  Survey,  vol.  8,  1895. 
ft  Contributions  to  the  hydrology  of  the  eastern  United  States,  1904:  Water-Sup.  and  Irr.  Paper  No. 
110,  U.  S.  Oeol.  Survey,  1905,  pp.  11^12.5. 
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tirul  (lijlomitic  nittt4?riiil.  It  varies*  in  color  from  wMtt  ta  ij 
brown,  (leop  nni,  aiitl  piirfilt^,  heing  asually  <lark*T  wlii*rpil  foim 
con  tart  wilh  t  lie  ^^raniUs  Thr  ha.^*  nf  t  hi^  £>a  11*1^1  oiit>  jn  in  many' 
a  cuarst*  ^rav<*l  or  even  a  congltJineratc  of  gnknil«  luid  pr^iphyt 
bipfl.  Am  a  ruU\  this  ifi  a  ^oocl  water  bearer,  tbfw 
fn:qurtitly  f^arrics  iron.  It  is  probably  tli©  source  iil 
clialybente  Jiprin*^  of  the  dislriiH. 

fUynmUrn  lime8io}u\—T\w  La  Moite  ^atulj^tnne  frt^queotl; 
by  (k*greitia,  into  tho  Bonneterro  tloliHiiitic  {iinestotie,  irbici 
the  Fourth  Magnman  liint^^tiine  (*f  Swallow,  it)  |iftri:  lh« 
linioHtone.  in  part;  the  Frrtlpricklown  tlulomito,  in  partf 
DtM'aturvillc  linie^toDC.  The  Bunneierre  Unn  n  thirktie» 
SOO  f««»t.  The  hjwer  bed^  are  UEStially  a  gray  limrM^Hte^ 
there  silicenu.^  anil  in  some  plaee8  slialy.  The  upper  b 
yelloui&ih  dolomite,  meriting  upward  inl^*  Ihin-bpibliHi  \ 
ru<'k8.  'litis  fortnatitjn  ij*  usual ly  fi-ee  from  chert  atul  b  tlii 
distinguishable  from  the  distinctly  elicrty  (lii^iKnittacle  timnti 
overliew  il  wlien  tlie  >^lialv  Eh  ins  formation  is*  al»airfil.  1 
rare*  Oiu*  liraehinpiKl,  Lht<jn!rUit  liimhitrui  MiH*k,  ftiiJ  ii 
Upper  Oandji'ian  Umu^  have  been  fount!  in  the  Jnwer  p«rt, 

C  AM  HHCKIHIKJ  VIDIAN* 

The  fnllowinjj^  formations  are,  for  the  present,  grouped  as  ufi<^ 
liatrd  (  iunhrij-nrdi»vi<^iiin  beds;  JiJiiehim  limestnne.  ^ii  t  ■  1 
thick;  St.  Prter  san(l>l()ne,  up  to  200  feet;  Jefferson  City  lin 
100  to  J.')!)  f(M't ;  K<Mil)i(l()ux  sandstone,  100  to  225  feet;  Gai 
liiiicstone,  4.")0  to  (».")0  feet :   Klvins  fornuition,  up  to  150  feet. 

I\lriiis  in/'UHittoti.  This  formation  (tlie  basal  part  of  the 
limestone  of  Nasoni  oiitei-ops  around  the  Bonneterre  limeston 
St.  Francis  Mountains  district.  It  is  prevailingly  shaly,  espe< 
its  lower  two-thirds.  The  hasal  part  <i:enerally  contains  fron 
live  or  six  thin  hands  of  limestone  conghmierate — the  **e 
beds"  of  \ason.  Locally  the  upj)er  00  feet  or  more  cod 
massi\('  to  t hin-ix'dded.  more  or  less  earthy,  noncherty  d( 
The  formation  is  often  wantini:;  even  in  tlie  southeastern  min 
tr-ict,  and  in  such  cases  the  cherty  (Jaseonade  limestone  rest* 
Bormeterre.  These  \wd>  were  also  identified  by  Dr.  K.  O.  I' 
Camden  County,  around  Peirniatite  Hill,  where  they  are  ovei 
a  Ncry  coarse-Lfrained.  friable.  I'eddish  to  yellow  saiuiston* 
foi'mation  has  a  inaxinunn  thickness  of  150  feet. 

iiiisnmddi   I'liiK s1(ni( .     'V\\\s  fornuition  includes  the  Fourth 
sian   limestone,   in    pait.   and    the   'i'hird   sandstone   of   Swalh 
()sa<^e  limestone  and  the  Cole  Canij)  sandstone  of  Winslow:   tl 
ter  sandstone  and  the  Proctor  limestone  of  Ball  and  Smith,  i 
Pf>/osi  iimestone,  in  \)arl ,  v>V  Nwsow.     \\  \\^^  v>k.  xXxw^^Vccnj^^^  vsC  (r 
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MATHERLY  BLUFF,  SAC  RIVER,  GREENE  COUNTY. 
Jefferson  City  limestone  capped  by  St.  Peter  sandstone. 
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to  650  feet.  It  is  made  up  of  more  or  less  heavy-bedded  limestones, 
which  in  many  places  merge  into  dolomite,  and  may  contain  nodular, 
disseminated,  or  thin-bedded  chert.  Here  and  there  are  irregular 
lenses  of  sandstone,  and  the  writer  believes  he  has  found  through- 
out the  State  a  well-defined  and  persistent  bed  of  sandstone — the 
Third  sandstone  of  Swallow.  The  Gasconade  limestone  is  widely 
distributed  throughout  the  southeastern  quarter  of  the  State,  around 
the  Archean  rocks.  A  long  strip  of  it  extends  through  Texas, 
Pulaski,  Phelps,  and  Maries  counties.  Another  strip  extends  north- 
eastward through  Dallas,  Camden,  Morgan,  and  Miller  counties,  and 
narrow  strips  outcrop  along  some  of  the  streams  that  run  through 
Douglas  and  Ozark  counties.  This  formation  is  an  important  water 
bearer,  as  is  shown  by  the  great  springs  that  issue  from  its  cavernous 
beds. 

Roubidoux  sandstone. — ^This  formation  includes  the  Second  sand- 
stone of  Swallow,  the  Moreau  sandstone  of  Winslow,  and  the  Bolin 
Creek  member  of  the  St.  Elizabeth  formation  of  Ball  and  Smith.  It 
is  from  100  to  225  feet  thick.  The  sandstone  of  this  formation  is 
made  up  of  waterworn,  well-rounded  grains  of  quartz,  and  varies  in 
color  from  white  to  yellow,  reddish,  or  almost  black,  according  to  the 
amount  of  iron  that  it  contains.  Much  of  it  exhibits  false  bedding, 
ripple  marks,  and  sun  cracks.  It  varies  in  thickness,  but  the  writer 
has  found  it  remarkably  persistent  and  outcropping  above  the  expo- 
sures of  the  Gasconade  limestone.  It  is  somewhat  porous,  though 
locally  cemented  with  silica  into  a  compact  mass.  It  is  a  prominent 
water  horizon  in  the  counties  mentioned  in  the  preceding  paragraph 
as  containing  the  Gasconade  limestone,  and  is  the  reservoir  source  of 
most  of  the  large  springs  of  the  southeastern  part  of  the  State. 

Jefferson  City  limestone, — This  formation,  which  is  from  100  to  400 
feet  thick,  is  equivalent  to  the  Second  Magnesian  limestone  of  Swal- 
low and  the  Winfield  limestone  of  Keyes.  It  is  a  dolomitic  limestone, 
usually  more  or  less  heavy  bedded,  rather  soft  when  freshly  broken, 
fine  grained,  compact,  and  grayish  white.  Locally,  especially  in  its 
upper  part,  it  is  thin  bedded.  Most  or  all  of  the  upper  thin-bedded 
part  is  rather  generally  absent  in  Missouri,  having  been  removed  by 
erosion  prior  to  the  deposition  of  the  Devonian  and  Carboniferous 
rocks  which,  especially  in  the  southwestern  part  of  the  State,  gener- 
ally overlie  this  formation.  The  remaining  lower  beds  are  highly 
siliceous,  and  frequently,  in  weathering,  exhibit  jagged  honeycombed 
peaks  or  block-like  masses  (PI.  II).  They  are  also  frequently  pitted 
with  geode-like  cavities.  When  honeycombed  by  weathering  they 
leave  siliceous  skeletons  in  strangely  contorted  forms,  and  many  hill- 
sides underlain  by  this  formation  are  abundantly  covered  with  chert. 
Here  and  there  beds  of  thin  sandstone  are  found  near  the  middle  of 
this  formation.     In  the  mining  districts  it  is  not  unusual  to  find 
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intcrciilAt.ofl  hedfl  t>f  thin  variegated  blue  and  whil^  shaW^  nfi 
tho  miners  '*thv  soitp^tone  layer/'  It  is  very  probable  Urn 
tbe  I'liert  nmi  the  HilireoUH  beds  are  usually  examples  ni  ri*fjjin 
of  hrnestone  by  penolatiu*;  waters  hulding  silica  in  i^oUition/ 

The  JefTerson  City  limestone  has  a  wide  distributiiHi  tltwi 
the  Ozarks.**  Tt  varies  det  idedly  in  tbirkness,  probably  rwd 
maximum  of  nearly  400 •feet  in  the  Ijebanon  dt*ep  well*  wt 
mili?s  to  the  south,  in  the  Metropolitan  deep  well  at  Spiingf 
Reenifi  to  be  but  \K^  feet  tlnek.  The  porous  beds  of  thii*  fofi 
arc*  the  soure€^  of  some  of  the  smaUer  spring  of  the  Quarks. 

SL  Peter  mTidsion-e.^—ThiB  formation  is  the  equivalent  ot  th 
or  Saechiiroidal  sandstone  of  Swalli>w,  the  (*ap  au  Grfe  ^mi0 
Kt*yes,  the  Pacifie  i-taudstone  of  Ball  and  Smith,  the  CtpU 
sandstone  of  Winslow,  and  in  part  the  Key  sandiitoiie  of  i 
The  Marshfield  tiandstone  and  the  Bt^livar  sandstone  ftf  iSJiUfhs 
Missouri  are  eammonly  believed  to  represent  the  sajne  fomiAtii 
Ulrieh  regartls  them  as  lenses  within  the  Jeffer^ui  City  \m 
Illrieh  nuiintains  further  that  the  true  St.  Peter  sandstone  is 
or  never  present  when  late  Devonian  or  Carbon  if eruus  nicks 
contact  with  the  Cambn>Ordovician, 

This  formation  is  the  most  impgrtant  water  bearer  iii  the 
north  of  ilissouri  and  one  of  the  most  important  in  this  St* 
has  i\  tlii^'kness  nf  10  to  200  feet  and  is  lTniu<rbt  to  the  sTir 
Kails  and  Lincoln  counties  and  in  sonu^  of  the  countic-  ii' 
Missouri  Kivcr  to  a  |)oint  ncai'ly  halfway  across  the  State 
oiitcr'ops  in  the  counties  just  west  of  Mississi|)|)i  I\iver  an<l  -' 
Si.  I.ouis  (\)unty.  its  |)f(vsence  to  the  west  and  sontliwc-i 
()zarks  is  (j()ul)te(l  l)y  some  <j:eolo<;ists.  l)ut,  althouirh  it  niay  n» 
to  the  sufface,  the  writer  helic^ves  that  it  occurs  under  «. 
ar-(»un(l  the  O/ark  I>lan(l  in  Missouri.  It  is  a  roc-k  that  f 
|)roniinent  landmark  in  the  correlation  of  the  ditVerent  liori/.< 
is  made  up  of  liiLrhly  polished,  rounded,  waterworn  ^rain>  "f 
to  translucent  (|uait/,  rather'  loosely  cemented  toirether.  Wl; 
ucner'ally  soniewliat  friahle,  it  seems  to  possess  to  a  hii:h  <lc_ 
|)o\\('r  to  r'esist  the  eleinenls.  Its  durahility  is  exhil)itc<i 
manner*  in  which  it  stands  out  in  ledt^es  and  forms  hciu  i 
o\'eiiiam:in!j:  shel\-es  in  the  hlutl's  alonu:  stivams.  It  \arie> 
fi"om  white  to  a  yellowish  hrown  oi"  red,  the  coloration  Ix  iiiL' 
dtie  to  ii-on.  which  comnionU  foi'ins  j)art  of  the  cementinL'  i' 
hut  does  nol   alfect   t  he  grains. 

This  sandstone  is  lemarkahly  ]>ersistont  and  covers  a  lar; 
The   water  yielded   hy   it    i>   u.Nually   |)ure   and   soft    when   >' 

'/  S<H-  Shrpiir.l,  K.  M..  SpniiL'  sy-^I.'in  of  thr  I),,  ;ihir\  \\\r  .loiti.',  Cain. It'll  Couiit;.  .  M..  U  ■: 
Irr.  I'njMT  No.  I  Id,  C.  S,  (i«oI.  Siirs.'V.  I'hi.-,,  p    ijj 

'''I'll.' .l.'lT.Tx.ii  Cily  aii.l  St.  I '.t .  r  l..itiia  t  imh^  (  .  ,\ .  r  -tiiall.T  a  r.-as  than  tli..-..  .'...sm, 
'I'lif  St.  I'tttT,  ill  tlif  w.  ritrru  a\\*\  so\v\\\.'v\\  .vv>  a-.  ~^\vv  As  u .  ^.v^v\^■A\\\^  wwvwN  WiviU's  111  \  ouiiv-  r 
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percolated  through  the  formation  for  long  distances.  Here  and  there 
minute  particles  of  marcasite  are  found,  which  tend  to  impregnate 
the  water  with  sulphur  and/ iron. 

Jodchim  limestone. — This  formation  is  the  equivalent  of  the  First 
Magnesian  limestone  of  Swallow,  the  FoUey  limestone  of  Keyes,  and 
probably  of  the  Finley  limestone  of  the  writer.  It  varies  greatly  in 
thickness,  ranging  from  a  knife  edge  to  125  feet.  Its  distribution 
corresponds  somewhat  to  that  of  the  St.  Peter  sandstone.  It  is  gen- 
erally a  thin,  evenly  bedded,  fine-grained,  compact  dolomitic  lime- 
stone, varying  from  white  to  yellowish  in  color;  much  of  it  is  so  soft 
and  white  as  to  be  called  ** cotton  rock.''  The  upper  beds  are  locally 
silico-magnesian  in  character  and  so  uneven  in  texture  that  in  weath- 
ering the  softer  j>ortions  are  worn  away,  leaving  an  irregularly  pitted 
surface. 

ORDOVICIAN. 

According  to  the  prevailing  definition  of  the  Ordovician,  this  sys- 
tem should  include  the  formations  between  the  top  of  the  Girardeau 
limestone  and  the  base  of  the  Jefferson  City  limestone,  the  latter 
being,  as  interpreted  by  Ulrich,  equivalent  to  the  Beekmantown  or 
Calciferous  rocks  of  New  York.  Indeed,  according  to  Ulrich,  the 
lower  limit  of  the  Ordovician  might  be  extended  downward  to  the 
base  of  the  Gasonade  without  serious  modification  of  the  present 
conception  of  the  Cambrian.  However,  for  reasons  that  need  not  be 
stated  here,  it  has  seemed  wise  to  the  writer  to  place  in  the  Ordovician 
only  those  formations  about  which  there  can  be  no  doubt,  and  to  refer 
the  underlying  rocks  down  to  the  top  of  the  Bonneterre  limestone, 
provisionally  to  a  "Cambro-Ordovician"  system.  The  Ordovician, 
then,  includes  the  following:  Girardeau  limestone,  up  to  50  feet  thick; 
Maquoketa  shale,  up  to  40  feet;  Polk  Bayou  limestone,  1  to  3  feet; 
Kimmswick  limestone,  40  to  90  feet;  Plat  tin  limestone,  100  to  200 
feet.  These  Ordovician  rocks  are  almost  wholly  confined  to  the  east- 
em  part  of  the  State,  south  of  Hannibal;  except  the  Maquoketa  shale 
and  Kimmswick  limestone,  they  are  rarely  found  in  well  sections  to 
the  northwest  and  southwest.  They  are  of  little  importance  as  water 
carriers  and  have  so  limited  a  distribution  that  it  will  be  unnecessary, 
so  far  as  the  purpose  of  this  report  is  concerned,  to  give  them  further 
attention. 

SILURIAN. 

The  Silurian  rocks,  like  the  Ordovician,  have  a  somewhat  limited 
range  throughout  the  State.  They  are  confined  mainly  to  the  few 
counties  south  of  St.  Louis,  but  extend  westward  for  a  short  distance 
along  l^IissOuri  River.     In  only  a  few  cases,  near  the  areas  of  outcrop. 
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has  it  been  possible  to  recogni2&e  them  in  well  sections.  They  consist 
of  the  Bailey  limestone,  70  to  150  feet  thick,  and  the  Bainbridge 
limestone,  up  to  125  feet. 

For  the  same  reasons  |ts  those  given  m  connection  with  the  Ordo- 
vician,  it  will  not  be  necessary  to  consider  the  Silurian  rocks  further. 

DEVONIAN. 

The  Devonian  rocks  form  a  very  narrow  j)enumbral  margin  around 
the  Ozark  Island.  Except  in  the  counties  south  of  St.  Louis  and 
along  Missouri  River,  the  beds  are  very  thin,  irregularly  distributed, 
and  of  little  or  no  importance  from  the  standpoint  of  water  supply. 
The  different  formations  are  the  Chattanooga  or  Ohio  shale,  up  to  30 
fe^t  thick;  Callaway  limestone,  up  to  50  feet;  Clear  Creek  chert,  up 
to  150  feet. 

The  Callaway  limestone  north  of  St.  Louis  is  in  part  the  equivalent 
of  the  Chattanooga  shale,  and  south  .of  St.  Louis  of  the  upper  part  of 
the  Grand  Tower  limestone. 

CARBONIFEROUS. 
MIBSI8BIPPIAK. 

The  Mississippian  series  of  the  Carboniferous  bears  a  most  impor- 
tant relation  to  the  water  resources  of  Missouri.  It  forms  a  broad 
belt  running  in  an  irregular  diagonal  across  the  State  from  southwest 
to  northeast  and  a  very  narrow  strip  southward  from  the  mouth 
of  Missouri  River  along  the  banks  of  the  Mississippi  to  Cape  Girardeau 
County.  The  following  formations  are  comprised  in  the  Mississippian : 
Birds ville  formation,  up  to  300  feet  thick;  Tribune  limestone,  100- 150 
feet;  Qy^press  sandstone,  50-100  feet;  Ste.  Genevieve  limestone, 
150-150  feet;  St.  Louis  limestone,  300  feet;  Spergen  limestone.  10() 
feet;  Warsaw  formation,  up  to  50  feet;  Keokuk  limestone,  200  feet; 
Biu-lington  limestone,  300  feet;  Chouteau  limestone,  70  fe^t;  Hannibal 
formation,  30-100  feet;  Louisiana  limestone  and  equivalent  forma- 
tions, up  to  100  feet. 

Louisiana  limestone. — This  is  the  equivalent  of  the  Lithographic 
limestone  of  vSwallow,  who  named  it  for  its  supposed  lithographic  qual- 
ities, which,  however,  were  never  realized  in  this  State.  So  far  as  the 
writer  has  observed,  it  reaches  its  maximum  thickness,  100  feet,  at 
Louisiana  and  the  best  exposures  are  found  along  Mississippi  River 
between  Louisiana  and  Hannibal.  In  this  region  it  is  a  fine-grained, 
compact,  thin-bedded,  dolomitic  limestone,  usually  ash  colored.  It  is 
generally  underlain  by  a  sandy  shale,  which  is  more  or  less  fossilifer- 
ous.  It  thins  out  and  becomes  coarse  grained  elsewhere  in  the  State. 
In  the  counties  west  of  Pike  it  is  much  thinner,  is  coarser  grained,  and 
has  a  slightly  bluish  tinge.     It  has  been  recognized  in  Cedar  and  St. 
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Clair  counties,  and  Swallow  found  30  feet  of  it  in  Jasper  County.  In 
Greene  and  Webster  counties  the  Hannibal  formation  is  underlain  by 
four  thin  but  lithologically  distinguishable  beds  that  are  regarded  by 
Ulrich  as  representing  the  Louisiana  limestone.  The  uppermost  of 
these  beds  has  long  been  correlated  with  that  limestone  by  the  writer. 
It  is  widely  distributed  in  the  southwestern  part  of  the  State,  ranges 
from  8  to  22  feet  in  thickness,  and  is  so  compact  in  texture  as  to  ring 
like  bell  metal  when  struck.  The  other  beds  are  much  more  local  in 
their  distribution.  They  were  described  by  the  writer,  who  called 
them  Phelps  sandstone,  King  limestone,  and  Sac  limestone  of  the 
Hamilton  stage  (Devonian).  Few  fossils  are  found  in  these  beds, 
though  the  weathered  surfaces  expose  depauperate  forms  of  crinoid 
stems. 

Hannibal  farmcUion, — This  is  the  equivalent  of  the  Vermicular  sand- 
stones and  shales  of  Swallow.  It  is  from  30  to  150  feet  thick.  In  the 
type  locality,  in  Marion  Coimty,  this  formation  consists  of  beds  of 
bluish  to  greenish  argillaceous  shale,  frequently  calcareous  or  dolomi- 
tic,  with  impure  layers  of  limestone  or  dolomite.  The  rocks  vary 
greatly  in  composition,  containing  a  number  of  mineral  salts  which 
tend  to  impregnate  the  water.  Many  of  the  strongest  mineral  waters 
have  their  source  in  this  formation.  It  is  somewhat  widely  distributed 
throughout  thp  State,  becoming  more  calcareous  to  the  west  of  Marion 
County  and  represented  by  several  distinct  rocks  in  the  southwest  and 
south.  For  example,  in  Greene,  Polk,  Lawrence,  and  Webster  coun- 
ties it  consists  in  many  places  of  three  members.  In  northern  Greene 
and  Polk  counties  is  found  a  heavy  deposit  of  fine-grained  buff  sand- 
stone, penetrated  everywhere  by  worm-like  borings  that  are  filled 
with  less  indurated  matter.  This  sandstone  is  fairly  durable,  and  in 
weathering  usually  forms  benches  or  terraces.  It  graduates  through 
beds  that  become  less  and  less  arenaceous  into  compact  silico-magne- 
sian  shales.  These  shales  are  usually  grayish  to  blue,  but  locally 
greenish.  In  many  places  they  are  shattered  and  the  veins  are  filled 
with  a  white,  soft  substance,  like  kaolin.  The  shales  and  sandstones 
locally  exhibit  cauda-galli  markings  and,  near  their  contact,  nodular 
elliptical  masses  of  impure  iron  pyrites  are  found.  On  the  south  side 
of  the  Ozark  dome,  the  watershed  that  extends  through  Greene  County, 
the  sandstone  gradually  disappears  and  the  shale  predominates.  Far- 
ther south,  in  adjoining  counties,  the  shale  merges  into  an  impure 
limestone.  It  is  uncertain  whether  these  rocks  occur  in  southeastern 
Missouri.  Some  variegated  clay  shales  below  the  Burlington  lime- 
stone in  Ste.  Genevieve  County  have  been  doubtfully  assigned  to  this 
formation. 

A  more  extended  account  of  this  horizon  has  been  given  than  its 
distribution  would  justify,  because  it  is  one  of  the  most  imporl-ant  in 
its  relation  to  underground  waters.     It  contains  a  large  proportion  of 
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impurities  and  is  the  source  of  some  of  the  strongest  mineral  waters 
of  the  State. 

Chouteau  limestone. — This  peculiar  buff  to  dark-yellow  rock 
received  its  name  from  Chouteau  Springs,  in  Cooper  County,  being 
first  described  by  Swallow.  In  color  and  texture  the  rock  throughout 
the  State  varies  greatly  from  that  at  the  type  locaUty,  where  it  is 
ashy  gray  in  appearance  and  of  the  nature  of  a  shaly  limestone.  In 
Marion  and  Pike  counties  it  is  from  10  to  15  feet  thick,  buff  colored, 
and  somewhat  arenaceous.  In  Pettis  County  it  reaches  a  thickness 
of  100  feet.  In  Webster  County  it  is  about  40  feet  thick.  In  the 
southwest  it  is  usually  heavy  bedded,  hard,  and  compact,  and  in 
many  places  very  arenaceous.  The  beds  generally  contain  small, 
geode-like  cavities  lined  with  minute  calcite  crystals.  Here  and 
there  crystals  of  pyrites  are  disseminated  through  the  rock,  and  some 
chert  is  also  found  in  the  southwest.  The  rock  indurates  on  expo- 
sure, and  this  fact,  together  with  its  striking  color,  causes  it  to  form 
a  noticeable  topographic  feature.  The  Chouteau  is  usually  too  com- 
pact to  be  counted  as  a  water  carrier,  yet  in  places  springs  of  some- 
what mineralized  water  rise  from  fissures  in  it.  As  a  rule  the  Chou- 
teau forms  a  more  or  less  impervious  bed  beneath  the  BurUngton 
limestone. 

Burlington  limestone, — This  formation  is  usually  a  coarse-grained, 
highly  crystalline,  and  very  pure  limestone.  It  varies  considerably 
in  thickness  and  in  other  characteristics  in  different  parts  of  the  State. 
It  has  a  rather  wide  distribution  in  the  counties  bordering  the  Missis- 
sippi on  the  west,  extending  in  an  irregular  diagonal  to  the  southwest 
comer  of  the  State,  where  it  covers  a  broad  area.  In  the  southwest 
it  has  two  distinct  parts — the  upper  and  the  lower.  Here  the  upper 
bed  is  usually  from  200  to  300  feet  thick  and  similar  in  fauna  and 
structure  to  the  beds  in  the  northern  part  of  the  State,  while  the  lower 
bed,  which  is  much  less  persistent,  varies  from  20  to  60  feet  in  thick- 
ness and  consists  of  a  very  dense,  hard,  and  impure  rock  that  has  a 
bluish  slate  color  and  breaks  with  a  conchoidal  fracture.  The  fossils 
of  the  lower  bed  are  much  smaller  than  those  of  the  upper,  the  crinoids 
in  particular  being  of  the  more  delicate  varieties,  in  strong  contrast 
with  the  large  robust  forms  of  the  upper  bed. 

Between  these  two  Burlington  beds  is  a  transition  layer  of  chert, 
varying  from  5  to  40  feet  in  thickness.  This  chert  is  usually  seamed, 
shattered,  and  irregularly  bedded,  very  hard,  compact,  and  white. 
The  intercalated  chert  of  the  upper  part  of  the  Burlington  is  very  soft, 
impure,  and  fossiliferous,  of  reddish  shades  of  color,  and  usually  dis- 
posed in  lens-shaped  masses.  A^liere  the  lower  bed  of  the  Burlington 
is  present,  the  intervening  shattered  chert  is  the  source  of  many  large, 
fine  springs,  the  water  having  been  derived  from  the  upper  bed,  which 
is  one  of  the  great  water  carriers  of  the  State.     It  is  very  probable  that 
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this  transition  chert  has  been  formed  by  replacement  of  the  original 
limestone  through  the  action  of  the  large  quantities  of  siliceous  waters 
that  are  constantly  passing  through  the  upper  bed  of  this  formation. 

Topc^aphically,  the  upper  part  of  the  Burlington  is  marked  every- 
where by  the  presence  of  large  sink  holes,  and  it  forms  the  largest  and 
most  important  basin  and  reservoir  for  collecting  water  in  the  State. 
As  the  Umestone  is  very  pure  and  porous  and  the  intercalated  chert 
impure  and  soft,  percolating  waters  dissolve  out  large  quantities  of 
Ume  and  silica  from  the  chert  and,  encountering  the  impervious  lower 
Burlington  or  Chouteau  below,  issue  in  the  valleys  as  great  springs. 

This  formation  is  honeycombed  with  great  caves  in  which  flow 
underground  streams.  It  also  forms  striking  topographic  features  in 
the  mural  and  castellated  bluffs  along  the  great  rivers  in  the  region 
where  it  outcrops.     (See  PL  III,  A,) 

Keokuk  limestone, — This  limestone,  which  is  largely  distributed  over 
Illinois,  is  represented  in  Missouri  mainly  in  the  northeastern  part. 
It  is  about  200  feet  thick  and  made  up  of  rather  compact  layers  of 
bluish  Umestone  at  the  base  of  the  formation,  varying  with  shaly 
masses  intercalated  with  thinner  beds  of  limestone  above.  Its  pres- 
ence south  of  Missouri  River  is  disputed.  The  fauna  of  the  Burlington 
and  overlying  beds  in  the  southwest  seems  to  be  a  mixture  of  Keokuk 
and  Burlington  types,  so  much  so  that  other  names,  such  as  Cherokee 
and  Encrinital  have  been  proposed  for  these  transition  beds.  It  is 
probable  that  most  of  the  upper  Mississippian  is  absent  in  the  south- 
western part  of  the  State,  the  Pennsylvanian  deposits  resting  uncon- 
formably  upon  the  Burlington  at  various  points  in  that  region.  The 
Keokuk  is  not  a  prominent  water,  carrier  in  Missouri. 

Warsaw  formation, — This  formation,  confined  mainly  to  the  north- 
eastern part  of  the  State,  is  problematic  in  its  relations.  It  is  de- 
scribed by  Hall*'  as  being  made  up,  near  Keokuk,  of  magnesian  lime- 
stone of  variable  thickness,  which  is  in  places  absent,  overlain  by 
argillaceous  limestone  with  shaly  partings,  followed  by  coarse  calca- 
reous yellow  sandstone  in  thick  heavy  beds.  Some  authors  include 
it  with  the  Keokuk  and  others  with  the  St.  Louis.  Ulrich  regards  it 
as  a  distinct  formation  overlying  the  Keokuk  and  forming  the  basal 
division  of  his  Meramec  group.  (See  table  of  formations,  p.  12.)  The 
Warsaw  is  of  very  little  importance  as  a  water  bearer  in  Missouri. 

Spergen  limestone, — This  formation  is  confined  in  Missouri  to  the 
counties  bordeiing  the  Mississippi  below  the  mouth  of  Missouri  River. 
Here,  as  in  the  States  to  the  east  and  southeast,  it  consists  chiefly  of 
massive  oolitic  limestone,  parts  of  which  afford  a  handsome  building 
material.  In  St.  Louis  County  its  thickness  is  about  100  feet,  but  in 
Ste.  Genevieve  and  Perry  counties  it  seems  to  be  not  less  than  200  feet. 

a  Hall,  James,  Geology  ol  Iowa,  vol.  1, 1858,  p.  101. 
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So  far  as  known  the  Spergen  limestone  has  no  special  connection  with 
the  water  problems  of  the  State. 

St,  Louis  limestone. — This  formation  is  well  developed  along  the 
Mississippi  from  Iowa  to  Cape  Girardeau  County.  Keyes  describes  it 
as  being  more  or  less  brecciated  to  the  north  of  St.  Louis  County, 
while  south  of  Missouri  River  it  is  an  evenly  bedded,  cherty  gray  lime- 
stone. It  reaches  a  considerable  thickness,  the  maximum  develop- 
ment within  the  State  being  nearly  300  feet.  While  more  largely 
developed  than  some  other  formations,  it  is  not  an  important  water 
bearer. 

Chester  group, — ^The  formations  belonging  to  the  Chester  group 
have  so  small  a  distribution  in  Missouri  that  they  will  not  be  consid- 
ered separately  in  this  report  except  to  state  that  good  water  is 
usually  obtained  from  the  Cypress  sandstone  and  the  Ste.  Genevieve 
limestone.  The  group  consists  of  the  Birdsville  formation,  up  to  300 
feet  thick;  Tribune  limestone,  100-150  feet;  Cypress  sandstone, 
50-100  feet;  and  Ste.  Genevieve  limestone,  100-150  feet. 

PSmrSTLVAHIAH. 

The  Pennsylvanian  series  of  the  Carboniferous  is  divided  into  two 
groups — the  Des  Moines  and  the  Missouri. 

DE8   MOINES   GROUP. 

One  of  the  most  important  sources  of  water  supply  is  in  the  basal 
formations  of  the  Des  Moines,  which  is  represented  by  the  Pleasanton 
shale,  up  to  200  feet  thick;  Henrietta  limestone,  up  to  100  feet; 
Cherokee  shale,  up  to  300  feet;  and  Graydon  sandstone,  up  to  75  feet. 

Graydon  sandstone. — This  formation  consists  of  several  members, 
the  most  prominent  of  which  is  a  coarse-grained,  friable,  usually 
micaceous,  ferruginous  sandstone,  with  scattering  intercalated 
patches  or  beds  of  highly  inclined  shales,  from  blue  to  greenish  black 
in  color  and  in  many  places  mixed  with  thin  seams  of  carbonaceous 
matter.  Its  thickness  ranges  from  a  feather  edge  to  75  feet.  The 
sandstone  locally  merges  into  a  fine  to  coarse  cemented  gravel,  and 
finally  into  a  coarse,  polished  bowlder  conglomerate.  This  formation 
seems  to  fill  old  erosion  channels  or  basins  and  is  almost  invariably 
tilted  and  unconformable  to  the  beds  upon  which  it  rests.  It  prob- 
ably marks  the  beginning  of  the  submergence  which  resulted  in  the 
deposition  of  the  Pennsylvanian  rocks.  It  apparently  skirts  the 
Ozark  Island  and  has  been  traced  from  Fulton,  Callaway  County, 
where  it  is  finely  exhibited  in  a  bluff  on  the  outskirts  of  the  town,  do^n 
to  southern  Missouri.  Its  best  development  is  perhaps  in  Cedar, 
Polk,  Dade,  Lawrence,  Greene,  and  Christian  counties.  Ball  and 
Smith  <•  have  described  a  number  of  interesting  outcroppings  in  Miller 

•  Ball.  8.  H.,  and  Smith,  C.  F.,  G«ology  of  Miller  County:  Kept.  Missouri  Butmu  0«ology  and  Wr», 
m  Ber.»  vol.  1,  1903.  p.  95. 
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County,  some  distance  from  the  borders  of  the  coal  field,  where  it  is 
most  conmionly  exhibited.     (See  PI.  Ill,  B,) 

This  sandstone  is  an  important  water  bearer,  many  of  the  most 
valuable  chalybeate  springs  of  the  State  having  their  origin  in  it.  A 
number  of  so-called  sulphur  springs  come  from  this  formation,  but 
owe  their  apparent  sulphurous  odor  to  minute  traces  of  petroleum 
derived  from  the  intercalated  carbonaceous  shales. 

Cherokee  shale, — The  Cherokee  shale  is  a  very  important  formation 
in  Missouri,  being  the  source  of  practically  all  the  workable  coal,  gas, 
and  oil.  From  it  also  are  obtained  most  of  the  brines  and  sulpho- 
saline  waters.  The  formation  was  named  by  Ha  worth  from  Cherokee 
County,  Kans.,  where  it  is  particularly  well  developed.  It  is  made  up 
largely  of  sandstones  and  shales,  the  shale  members  being  perhaps  the 
more  persistent.  The  sandstone  is  usually  more  abundant  at  the 
base  of  the  formation.  Besides  numerous  coal  seams  a  few  thin  beds 
of  limestone  occur.  These  are  usually  restricted  in  area  and  are  in 
many  places  fossiliferous  and  carbonaceous.  Some  of  the  most  inter- 
esting problems  connected  with  the  water  supply  of  the  State  arise 
from  the  study  of  this  formation. 

The  Cherokee  shale  is  distributed  in  an  irregular  diagonal  strip, 
forming  an  outside  border  to  the  ississippian  rocks  from  the  south- 
western part  of  the  State  through  to  the  northeast  comer.  These 
rocks  dip  strongly  to  the  northwest  at  th .  rate  of  from  10  to  20  feet  to 
the  mile,  and  their  thickness  varies  considerably,  being  in  some  places 
300  feet. 

Henrietta  limestone. — The  Henrietta  limestone  is  a  composite  forma- 
tion somewhat  like  the  Cherokee  shale  and  is  made  up  of  arenaceous 
shales  and  thin  beds  of  sandstone  and  limestone.  In  places  it  is  100 
feet  thick.  The  name  was  given  by  Marbut  to  the  associated  beds 
with  the  limestone  members,  which,  though  thinner  than  the  shales 
and  sandstones,  form  escarpments  that  run  through  the  State,  making 
pronounced  topographic  features. 

The  limestone  members  are  essentially  the  extension  of  the  Pawnee 
and  Fort  Scott  limestones  of  the  Kansas  Survey.  The  formation  may 
be  traced  from  Bates  County,  on  the  Kansas  line,  to  Missouri  River  in 
Lafayette  Coimty  and  for  some  distance  north  of  the  river.  It  is  not 
an  important  water  bearer,  there  being  no  springs  of  any  size  along  its 
course;  but  a  small  supply  of  water  is  obtained  by  sinking  wells  to  the 
limestone  beds. 

Pleasanton  shale. — This  is  the  equivalent  of  Marbut^s  Marais  des 
Cygnes  shale.  The  formation  is  made  up  of  argillaceous  and  arena- 
ceous shales,  some  sandstones,  and  several  small  veins  of  coal.  It 
forms  a  belt  15  or  20  miles  wide,  extending  from  Bates  County,  on  the 
Kansas  line,  to  Lafayette  County,  where  it  crosses  the  river  and 
passes  on  northward  through  the  State.  Springs  are  rare  in  this 
IBB  19&— 07 3 
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formation.     Wells  sunk  to  the  sandstone  or  limestone  beds  usually 
give  a  fair  amount  of  water. 

MISSOURI   GROUP. 

The  Missouri,  the  uppermost  group  of  the  Carboniferous  rocks,  is 
usually  made  up  of  heavy  alternating  beds  cf  shales,  limestones,  and 
sandstones,  the  shales  largely  predominating.  No  good  supplies  of 
water  are  found  in  the  1,000  feet  of  this  formation,  that  obtained 
being  usually  saline  and  in  many  cases  strongly  impregnated  with 
other  mineral  salts. 

The  beds  of  the  Missouri  group  are  confined  to  the  northwest 
quarter  of  the  State.  The  lowest  forms  an  escarpment  extending 
from  southern  Cass  County  northward  through  Mercer  County  into 
Iowa. 

CRETACEOUS. 

While  the  Cretaceous  rocks  nowhere  outcrop  within  the  limits  of 
the  State,  they  undoubtedly  extended  up  the  Mississippi  embayraent 
a  short  distance  into  Missouri  and  were  subsequently  covered  by 
Tertiary  deposits.  A  number  of  deep  wells  in  the  embayment  area 
of  Missouri  and  the  adjoining  portions  of  Tennessee  and  Kentuck}' 
penetrate,  at  varying  depths,  loose  sand  and  clay  which,  from  their 
situation  and  structural  characters,  are  probably  the  equivalent  of 
the  Ripley  sand.  These  sand  beds  are  usually  nonfossiliferous,  but 
in  many  places  contain  fragmentary  particles  of  lignite.  They  var}' 
in  color  from  white  to  black,  but  are  more  conunonly  red  or  yellow, 
owing  to  the  presence  of  iron.  They  are  from  25  to  50  feet  thick  in 
well  sections  at  Cairo,  111.,  and  224  feet  thick  in  the  well  at  More- 
house, where  they  are  reached  at  a  depth  of  466  feet.  In  the  Camp- 
bell artesian  well,  at  a  depth  of  940  feet,  a  very  fine  black  sand  with  a 
large  percentage  of  mica  in  small  pieces  was  struck.  The  boring 
penetrated  20  feet  of  this  material  and  stopped  at  a  depth  of  060  feet. 
The  Ripley  sand  is  a  water  bearer  and  has  a  thickness  of  400  feet  in 
southern  Tennessee. 

TERTIARY. 

The  Tertiary  rocks  outcrop  in  the  extreme  southeast  corner  of  the 
State,  where  they  fill  the  eld  valley  ci  Mississippi  River. 

Porters  Creek  formation. — Lying  above  the  Ripley  sand  of  the 
Cretaceous,  as  already  described,  is  the  Porters  Creek  formation — 
probably  of  Eocene  age.  This  consists  of  a  loose,  green  sand  or  clay 
at  the  base,  with  scattered  beds  from  1  to  4  feet  thick  of  indu- 
rated calcareous  green  sand  or  impure  limestone,  and  a  few  layers 
of  fine  micaceous  sandstone.     The  clay  is  usually  dark  when  wet 
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and  a  light  ^ay  when  dry.  Safford  gives  its  thickness  as  from 
200  to  300  feet  in  Tennessee.  Glenn  states  that  it  is  not  there  a 
bearer  of  good  water.  It  forms,  however,  an  impervious  layer  over 
the  waters  of  the  Ripley  sand.  It  has  been  identified  in  Missouri 
wells  at  but  one  point.  It  was  reached  in  the  Morehouse  well  at  a 
depth  of  248  feet,  where  is  consisted  of  197  feet  of  bluish  gumbo. 

Ijogrange  formation , — Overlying  the  Porters  Creek  formation  is  the 
Lagrange  formation.  This  consists  of  great  masses  of  loose  sand 
intercalated  with  beds  or  lenses  of  blue  clay.  It  varies  greatly  in 
thickness,  being  963  feet  at  Memphis,  Tenn.;  785  at  Campbell;  740 
at  Hickman,  Ky. ;  542  at  CaruthersvIUe,  and  over  200  feet  at  More- 
house. The  only  fossils  found  are  imperfect  leaf  impressions.  Those 
in  the  lower  beds  are  believed  to  be  Eocene,  while  those  in  the  upper 
are  probably  Pliocene.  Authorities  are,  however,  inclined  to  con- 
sider this  as  one  formation.  It  includes  the  Lagrange  and  Bluff  of 
Safford.  It  is  the  great  water  reservoir  for  the  artesian  and  deep 
wells  of  this  district. 

Lafayette  gravel, — Above  the  Lagrange  rests  the  thin  bed  of  the 
Lafayette.  This  varies  from  10  to  60  feet  in  thickness.  Along  the 
bluffs  of  the  larger  streams  a  basal  deposit  of  cemented  gravel  is 
found.  This  conglomerate  is  made  up  of  rounded,  waterwom,  and 
polished  chert  pebbles  which  are  apparently  glazed  with  a  yellow 
iron  stain.  Percolating  waters  charged  with  iron  have  cemented 
tliese  pebbles  near  the  rivers  into  a  hard  ferruginous  conglomerate. 
Small  chalybeate  springs  are  not  uncommon  along  this  deposit. 
Away  from  the  larger  streams  the  gravel  is  less  abundant,  not 
cemented,  and  gradually  merges  into  an  orange-colored  sand  and 
irregular  deposits  of  clay.  This  is  the  equivalent  of  Saffords  Bluff 
??ravel  and,  in  part,  of  his  Orange  sand. 

QUATERNARY. 

Columbia  clay. — Upon  the  Lafayette  gravel  rests  the  Columbia,  at 
the  base  of  which,  along  the  bluffs,  is  usually  found  from  10  to  15  feet 
of  sand  and  gravel.  Above  this  deposit  is  from  20  to  60  feet  of  loess, 
which  is  in  turn  overlain  by  a  varying  amount  of  loam.  Crowleys 
Ridge  and  its  continuation,  Benton  Ridge,  show  fine  sections  of  the 
Columbia  and  Lafayette. 

AUuvium,  etc. — Irregularly  distributed  over  the  flood  plain  of  the 
ilississippi  are  later  deposits  than  the  Columbia — the  Recent  allu- 
vium, which  overlies  the  Columbia  clay,  and  large  patches  of  sand, 
of  varying  thickness,  which  has  all  the  structural  and  microscopical 
characteristics  of  the  Lagrange  formation,  and  has  probably  been 
thrown  up  through  the  fissures  caused  by  the  New  Madrid  earthquake. 
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GEOLOGIC  HISTORY. 

Before  closing  this  section,  a  brief  outline  of  the  geologic  history 
of  the  State  should  be  given,  as  that  history  is  of  considerable  impor- 
tance in  its  bearing  on  the  location  of  artesian  areas,  the  varying 
chemical  composition  of  the  waters,  and  a  more  complete  understand- 
ing of  the  many  and  varied  topographic  and  geologic  features. 
While  it  is  not  possible,  in  all  cases,  to  give  the  correct  sequence  of 
events,  and  while  some  conclusions  may  be  modified  by  wider  study 
of  this  region,  it  seems  desirable  to  present  an  outline  that  is  sus- 
tained by  the  facts  now  available.  Winslow,  Broadhead,  and  Buck- 
ley have  each  given  such  a  history  in  brief,  and  they  have  been 
freely  consulted  in  the  preparation  of  this  sketch. 

ARCHEAN. 

During  Archean  time  a  large  part  of  Missouri  and  extensive  por- 
tions of  the  continent  to  the  north  and  south  of  this  State  were  dry 
land.  It  is  impossible,  at  present,  to  outline  the  extent  of  this  area. 
The  erosion  must  have  been  great  and  the  time  long,  to  have  sufficed 
for  the  accumulations  of  the  succeeding  age.  The  few  isolated  peaks 
in  the  St.  Francis  Mountains  are  all  that  is  left  to-day  of  this  original 
land  area  in  Missouri.  It  is  doubtful  if  there  are  any  Algonkian  rocks 
in  this  State.  A  general  submergence  of  a  large  part  of  the  area 
brought  in  the  Cambrian. 

CAMBRIAN    AND   CAMBRO-ORDOVICIAN. 

These  ages  are  represented  by  coarse  sandstones  and  conglomer- 
ates forming  narrow  fringes  around  the  small  islands  now  represented 
b}^  the  Archean  outcrops  in  the  St.  Francis  Mountains.  These  shore 
deposits  were,  at  first,  largely  of  fragmental  origin,  but  in  the  quieter 
waters  around  the  archipelago  alternating  deposits  of  liniipstones 
and  sandstones,  indicating'  periods  of  elevation  and  depression,  \iith 
occasional  erosion  interv^als,  were  laid  down.  It  is  probable  that 
the  nucleus  of  tliis  varying  land  surface  was  an  area  around  the  St. 
Francis  Mountains.  It  is  generally  believed  that  at  the  close  of  the 
deposition  of  the  Jefferson  City  limestone  a  large  area  was  elevated 
and  a  somewhat  extended  erosion  period  began.  This  was  followed 
by  a  submergence,  during  which  the  St.  Peter  sandstone  was  laid 
down.  It  is  doubted,  by  many,  whether  this  submergence  extended 
over  the  whole  of  what  now  constitutes  the  Ozarks  or  not.  At  any 
rate,  the  St.  Peter  sandstone  practically  surrounds  the  Ozarks  in 
Missouri;  but  whether  it  covered  the  larger  portion  and  has  been 
subsequently  removed  by  erosion  or  whether  it  formed  only  an  off- 
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shore  deposit  around  Ozarkia**  is  a  question  that,  with  the  data  now 
obtainable,  can  not  yet  be  decided.  A  considerable  elevation  took 
place  just  preceding  the  Ordovician  period. 

ORDOVICIAN. 

There  is  also  a  doubt  as  to  the  former  extension  of  the  **  Trenton  " 
and  other  typical  Ordovician  rocks  in  the  Ozarks.  Like  the  St.  Peter 
sandstone,  they  may  have  been  deposited  over  a  much  larger  area, 
from  which  they  were  removed  by  subsequent  erosion,  or  their  limits 
may  always  have  been,  practically,  what  they  are  to-day.  The 
determination  by  Ulrich  of  a  small  patch  of  cherty  Maquoketa 
shale  in  Camden  County,  far  in  the  interior  of  the  Ozarks,  would  indi- 
cate a  wider  distribution  of  at  least  the  latent  of  the  Ordovician 
formations  than  has  heretofore  been  supposed.  There  is  strong 
evidence  that  south  of  Missouri  River  there  was  a  very  large  land 
area  during  the  most  of  Ordovician  time.  Small  deposits  of  this 
age  are  found  east  of  the  St.  Francis  Mountains  and  along  Mississippi 
River  northward  toward  Iowa.  They  also  extend,  to  a  limited 
degree,  along  an  embay  men  t  now  occupied  by  Missouri  River. 

SILURIAN    AND   DEVONIAN. 

With  slight  modifications,  the  conditions  prevailing  during  the 
Ordovician  continued  through  the  whole  of  Silurian  and  the  greater 
part  of  Devonian  time.  Toward  the  close  of  the  Devonian  a  gradual 
embayment  of  Ozarkia  set  in  that  culminated  in  the  early  part  of  the 
Carboniferous.  Silurian  deposits  occur  only  along  the  Mississippi 
in  Perry  and  Cape  Girardeau  counties.  Devonian  sediments  are 
also  but  sparingly  represented  in  the  State.  Thin  beds  of  Devonian 
limestone  and  shale  are  found  north  of  St.  Louis  and  along  Missouri 
River,  while  local  deposits  of  the  blue  Chattanooga  shale  have  been 
noted  on  the  southwestern  flanks  of  the  Ozark  uplift. 

CARBONIFEROUS. 

The  close  of  the  Devonian  was  marked  bj^  a  considerable  depression 
west  of  the  Mississippi  in  the  northern  part  of  the  State  and  along  the 
slopes  of  the  Ozarks  to  the  west.  The  ocean  invaded  the  Ozarks, 
forming  a  considerable  embayment  in  what  is  now  Green  County, 
penetrating  the  western  slopes  so  as  to  form  many  patches?  lying 
unconformably   on    the   Cambro-Ordovician.     This   subsidence   was 

«The  term  ** Ozarkia"  is  a  convenient  name  proposed  by  Ulrich  (Prof.  Paper,  l'.  S.  Geol.  Sun^ey 
No.  24. 1904,  p.  Ill)  for  the  ancient  land  mass  that  at  various  times  during  tlie  Paleozoic  era  formed  a 
lAfge  island  or  groups  of  small  islands  in  the  area  of  southern  Missouri  and  northern  Arkansas  now 
exposing  the  Cambrian  and  Cambro-Ordovician  rock^i.  In  a  measure,  the  term  is  an  alternative  for 
"Ozark  uplift,"  *'  Ozark  dome,  "or  *'  Ozark  Island." 


rftpid  at  fii^st^  during  which  time  deposits  of  coarse  mat^ni 
a8  the  "Pht'lps''  and  Hannibal  sandBtoiies  and  shaU^sjiiutiV 
('houteau  liniraton**s,  were  laid  dowTi.  The  depan|HTatc  form 
Ilarunlnd  aiul  Ch4}iiteaii  fos»ib  indicate  rathi^r  im[>un'  wtt 
ii\bly  hmckish  in  places.  Thig  condition  was  followed  by 
dej>irstiion  and  Ijy  iJceper  and  purer  vvator^  and  tin*  <U*[w«iti 
ceiisively,  uf  the  Burlington  and  Keokuk  in  the  southwest,  w 
!R>rthwf*st;  to  thft  oajst  and  northeast  tht*,*^?  w<?r«*  fnUowed, 
by  tlie  WamaWj  Spergen,  St,  Louis*  Ste.  Geiiericvf,  and  oU 
stone,^  of  the  Mi88i*st4ippian.  iltjst  f»f  these  heavy  tieii.s  af  \ 
are  rich  with  Umm\  forms.  I^'rom  thv  fact  that  wmall  palch 
Burlington,  together  with  its  ehert,  are  f«nind  scuttenMl  as  h 
Texius  and  Howell  counties,  it  is  probable  that  the  Spniiijfielc 
nient  readied  tliese  poLiitES,  The  greater  part  of  tlu*  ()z 
reniairMul  iilHJVi^  water  siince  Burlington  time. 

Toward  the  close  of  the  MiAsiswippian  the  great  in'Oan  fb 
west  wius  islciwly  elevated,  becoming  a  nearly  level  area.  C4»v< 
tnar^hc^  and  estuaries.  This  movement  was  appftn^nth 
[>aniird  by  a  sliglit  tlepref^sion  in  the  retjion  now  uieludtHJ 
and  Morgan  eountieHj  which  permitted  the  fornmtion  of 
pockets  now  fourMl  lying  uncomfoniiahly  in  en*s«ion  liasiii 
C&mbnHOniovician  rocks.  Along  this  low-lying  lamL  in  o 
and  estuaries,  conditions  were  favorable  for  the  develo 
^rcat  swniiips  in  wliicli  were  acrinnulatcMJ  tlic  (wtcn-ivt 
of  coal  cliaraclciist  ic  of  the  Pcnnsylvanian  ])crio(l.  li  \\ . 
lliis  depression  that  sonic  of  the  i^rcat  riv(M\s  which  <lr. 
Ozarks  were  filled  up  by  sands  and  trravids.  Wliciv  ^ 
chi|)ticd  into  estuaries,  lar^^e  (lc])osits  of  conij^lonicratcN  ar<' 
is  well  illustrated  by  the  ancient  Schoolcraft  River,  whirh 
fioni  Aikansas  through  Stone,  (liristian,  (rrcene.  and  1^ 
ties,  and  in  which  the  (Iraydon  sandstone  and  conirlnmc] 
laid  down.  That  the  extent  of  the  I\']msylvanian  roek>  w . 
than  at  |)resent  is  sh(>wii  by  the  innnber  n[  outliers  in  lli< 
coal  pockets  scattci'cd  oxer  tlu^  adjoininij;  counties  and  ic-ni 
forniably  upon  other  terranes. 

'J'his  period,  while  one  (»f  ircntlc  oscillations,  was  yet.  on  i 
one  of  steady  depression.  Ixnulc  chai'actcrized  \)\  the  dcp- 
thick  alternatinir  beds  of  liniestoncs.  shal(\s,  and  sandstone-. 

The  close  of  the  Palco/.oie,  which  was  brought  about  in 
by  the  Appalachian  I'cxohition.  was  manifested  in  Mi--' 
bulixin^j;  uj)  of  the  ()zarks.  a  irreat  dome,  or  (pni(juaver>a!  h 
t hereb\'  lorincd. 


Ml. SO/OK 


With    th(*   exception   of  the   >iu;dl   dc|)osit    of    Ri|)lev   ^aiu 
Mississippi  (Mid)aynAen\ ,  vevwWA  \>\  vWeY  Ov\\VWd  \v(.'lls,  ilu*  ] 
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which   followed   the   Carboniferous,   has   no   representative   in   this 
State.     It  was  probably  a  period  of  erosion  and  land  sculpturing. 

TERTIARY. 

During  the  early  Tertiary  the  Lafayette  (Winoka)  gravel,  which  is 
represented  in  scattered  patches  high  up  above  the  present  river 
courses,  was  deposited.  These  gravels  mark  the  outline  of  early  Ter- 
t'lATy  drainage  systems.  The  elevation  of  the  great  Mesozoic  deposits 
west  and  southwest  of  Missouri  extended  into  this  State,  changing  the 
direction  of  the  drainage  systems  and  developing,  probably  for  the 
first  time,  Missouri  River,  the  source  of  which  seems  to  have  been  not 
far  beyond  the  northern  boundary  of  the  State. 

QUATERNARY. 

During  Pleistocene  time  the  northern  part  of  the  State,  approxi- 
mately bounded  by  Missouri  River,  was  covered  with  the  drift  of  the 
Pleistocene,  which,  in  some  places,  reached  a  thickness  of  nearly 
300  feet.  The  general  southward  movement  of  the  ice  sheet  greatly 
moilified  the  surface  of  this  part  of  the  State,  eroding  large  areas  and 
filling  up  old  channels.  Since  Pleistocene  time  this  area  has  been 
subjected  to  the  erosive  action  of  the  elements.  Deep  valleys  have 
been  formed  and  the  more  porous  rocks  have  been  honeycombed  by 
numerous  channels,  forming  underground  streams  and  the  outlets  of 
the  great  springs  which  characterize  this  State. 

DESCRIPTIONS    OF    GEOLOGIC    SECTIONS. 
SECTION    FROM    GLENWOOD,  IOWA,  TO    BRUNSWICK,  MO. 

Well  sections  in  the  northwestern  part  of  the  State  show  a  deep 
depression  or  trough  extending  in  a  southwesterly  direction  from 
Iowa  through  Missouri  and  into  Kansas.  Section  1  (PI.  IV)  is  taken 
approximatel}"  at  right  angles  to  this  depression  in  order  to  show  the 
development  of  the  trough.  Norton «  gives  the  follo\ving  record  of 
the  well  at  Glenwood,  Iowa,  2,000  feet  deep: 

Summary  of  log  of  well  at  Glenirood,  Iowa. 

Thickness.     Depth. 

Feet.  Feet. 

Pleistocene 175  175 

Missouri 070  845 

Des  Moines 390  1. 235 

Mississippian 230  1 . 4(i5 

Devonian  (?) 135  l.(X)0 

Slurian - 400  2. 000 

Maiuoketa(?) 2,000 

a  Norton,  W.  H.,  Artesian  wells  of  Iowa:  (ieol.  Survey  Iowa,  vol.  6,  1897,  p.  347. 


This  well  was  sunk  for  oil. 

A  (liamon(i-<lrill  well,  sunk  to  a  depth  of  500  fe 
Gentry  County,  struck  a  bed  of  coal  26  inches  thick 
feet.  At  the  farm  of  G.  H.  Lawson,  near  Utica,<»  L 
a  well  was  sunk  to  a  depth  of  421  feet,  at  which  p 
limestone  was  struck.  In  a  well  on  the  farm  of  J 
south  of  Dawn,  in  the  same  county,  the  Mississippi; 
4:V^  feet. 

At  Chillicothe,  just  north  of  the  two  points  last 
same  county,  the  following  section  was  obtained;  f 
rocks  mi<;ht  also  he  fcmnd  at  Utica  and  Dawn: 

Sitnnnanj  of  log  of  well  at  Chillicothe. 


ri«':sitMrn<- 

Dfs  Moines 

MisN  ss  ppinn.  Devonian,  and  S:liirian. 


Tlicrc  is,  i)r(>!)al)ly,  100  feet  of  St.  Peter  sandstone 
this  well. 

Tlie  well  at  the  creanu^ry  near  Hale,  Carroll  Count 
290  feet  of  Des  Moines  and  40  feet  of  Mississippian, 

330  feet . 
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WcI]  Xn.  1  of  t}ie  Noil  ft  way  Vallev  Oil,  Gits  unfl  Mm*Tai  fonrpiDT, 
At  Burlington  plunrtion,  Nfidaway  rounty,  1,903  feel  iWpJmkj 
foHowiii!^  rerun  I: 

Swrnuumf  f^tog  t^weli  at  SnrUngton  Jnnrti&n. 


llffl^fniri -..,,,,,**#«*,%-».-,>,,•,*■•*, , ^»,,t,-4^  * 

Dm  Hr»[i)r«. . , ....„,.,■,,..„,,_-,-.. .•,,.,,„,-  —  .,,,,..„ J  rs 

UJMtiiM»i{H>iiui..  -   .    „.^«............,*.^...^..^ «...^^.«^..«.^>...*»>  li 

This  well  WHS  sunk  for  oil, 

A  HiaiiioiKlHlnll  \\vl\,  sunk  to  a  depth  of  500  feet  at  GfntnTftl 
Gentry  County,  struck  a  bed  of  coal  26  inches  thick  at  a<iepth(i(1*| 
feet-  At  the  farm  of  G.  H.  Lawson,  near  lltica,^  Li\iDgBt4>iirc«ott.| 
a  w*»n  was  ^unk  to  a  deptli  of  421  feet,  at  which  point  Missis^ppiiD  | 
liuK*stone  was  struck.  In  a  well  on  the  farm  of  John  R,  WsUiiffiij 
south  of  Da'ft^T  in  tlie  same  county,  the  Mississippian  wasrewW**! 
4;i3  feet. 

At  Chill ico( he,  just  north  of  the  two  points  la^t  named  ant]  ic  lin I 
same  county,  the  fallowing  section  M^as  obtained:  probably  thpsiiail 
rockii  [ni^ht  algo  he  found  at  Utica  antl  Dawn: 

SnmmtJi  if  tvf  ft  Hi  af  tull  fif  f  'hiWn'uth* . 

Ifii       • 

iPr-'^'Mi'in*  ■  -     '>■'  ^ 

\fn^f.  *<,  mui^Mi.  tinv'triii iii|  i*  fniTifn'  *** 

this  urti 

Tin*  ^vrll  31  r  (iif*  t  ivMinrrv  fn-su'  f  la^\  (*jirj"<(|!  (Munf  s ,  pH^-si'ilili^'''- 
'J!ifi  |\^(M  ii\  ]»i'^  Mniriis  i\v\i\  in  iVri  of  Mi<sis.si|i|Mnn,  L^jviri^H^l't'^'  "' 

\\  IIm'T    W    \n--.\\A\.n\  TniM.  t^jirrnll  Ci.uiiTv,  i  Lc  (olh'^^'^- ^ 
linn  Wiiv  nhhiin  'd: 
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At  Brunswick,  Chariton  County,  a  drill  hole  was  sunk  to  a  depth 
of  1,505  feet.  Unfortunately  the  record  is  not  obtainable,  but  it  is 
said  that  130  feet  of  Des  Moines  was  passed  through.  The  water 
began  to  flow  at  1,400  feet  and  continued  to  flow  at  a  decreasing 
rate  for  several  years,  until  it  finally  stopped. 

A  study  of  section  1  in  connection  with  the  map  of  the  State 
showing  the  locations  of  the  artesian  wells  (PI.  I)  shows  that  condi- 
tions favorable  for  flowing  wells  are  found  along  the  eastern  slope  of 
the  trough  extending  southwestward  from  Iowa,  as  previously  men- 
tioned, at  points  where  the  elevation  of  the  surface  is  not  greater 
than  725  feet.  As  the  surface  of  the  country  rises  to  the  northwest, 
this  northeast-southwest  belt  has  a  somewhat  limited  extent.  Neariy 
all  wells  in  this  belt  that  penetrate  to  the  base  of  the  Des  Moines— 
i.  e.,  through  the  sandstone  at  the  base  of  the  Clierokee  shale — have 
an  abundant  supply  of  water  under  suflScient  pressure  to  force  it  to 
the  surface.  The  water  from  this  horizon  is  rather  saline,  running 
from  300  to  500  grains  of  salt  to  the  United  States  gallon.  Mr. 
Hawkins  states  that  this  saline  water  is  used  extensively  by  stock 
raisers,  who  believe  it  to  be  well  adapted  to  their  needs. 

Water  from  the  sandstone  beds  in  the  Missouri  group,  as  well  as 
from  other  porous  beds  in  the  Des  Moines,  is  much  more  saline,  and 
in  many  cases  contains  iron  and  other  salts.  It  is  probable  that 
wells  extended  down  to  the  St.  Peter  sandstone  in  this  artesian  belt 
would  yield  much  purer  water. 

SECTION    FROM    KANSAS    CITY   TO    LEBANON. 

Section  2  (PL  IV)  shows  the  continuation  of  the  trough  appearing 
in  section  1  and  the  western  slopes  of  the  Ozarks. 

Broadhead**  describes  a  diamond-drill  well  at  Kansas  City,  which 
was  sunk  to  a  depth  of  758  feet  in  the  bottoms  not  far  from  the 
union  railway  station.  The  following  summary  is  taken  from  the 
log  of  that  well  : 

Siimmanj  of  log  of  well  at  Kamms  Ctfy. 


Pleistocene... 
D^s  Moines... 
Mkitsissippian. 


Thicknoss. 

Depth. 

Fftt.       1 

Ffft. 

37       1 

37 

708 

745 

13+ 

7.58 

Section  2  shows  the  northeast-southwest  trend  of  th'^  Iowa  syncline 
described  under  section  1.  It  also  shows  the  axis  of  th-^  synclino  to 
be  some  distance  to  the  west,  in  Kansas.  Winslow  ^  describes  a  deep- 
well  section  at  Raytown,  Jackson  County,  southeast  of  Kansas  City. 

a  Broadbead,  O.  C.  Preliminary  n»port  on  iron  ores  and  coal  ftehls  .  .  .  1H72.  pt.  2.  Missouri  (ieol. 
Sarvey.  1873,  p.  86. 
^  Winslow,  Arthur,  Geologic  history  of  Missouri:  Am.  Goologi-^t,  vol.  15.  181C),  p.  So. 
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He  says:  **Here  the  base  of  the  Paleozoic  rocks  was  reached  at  a 
depth  of  2,430  feet,  and  below  this  36  feet  of  crystalline  rocks  were 
penetrated.  A  specimen  of  this  core,  examined  by  the  >\Titer,  is  a 
highly  micaceous  schist  composed  almost  entirely  of  black  mica.  It 
is  different  from  any  rocks  found  in  the  Archean  of  the  Southwest, 
and  is  more  like  rock  elsewhere  referred  to  the  Algonkian.'*  It  u^ 
greatly  to  be  regretted  that  Doctor  Winslow  did  not  give  the  full 
record  of  this  well,  as  it  is  now  unobtainable. 

A  deep  drill  hole  at  Pleasant  Hill  shows  the  top  of  the  Mississippian 
at  530  feet.  These  rocks  outcrop  near  the  western  edge  of  Benton 
County.  At  Decaturville,  about  14  miles  north  of  a  point  near 
Eldredge  pn  section  2,  pegmatite  granite  outcrops,  and  a  study  of  the 
strata  in  that  district  shows  that  it  is  quite  probable  that  the  crys- 
talline rocks  reach  an  altitude  of  about  750  feet  above  sea  level.  A 
portion  of  the  Decaturville  quaquaversal  is  well  shown  in  section  2, 
for  at  the  deep  well  at  I^ebanon  the  following  section  is  obtained: 

Summary  of  log  of  trell  at  IjfbaTwn. 


Thickness.     Peplh. 


I        Ffft. 

Jefferson  City  limestone 427 

Roubidoux  sandstone  and  (Jaseonade  limestone 580 


Ffft. 

CI 

i.oti; 


SECTION    FROM    ST.  JOSEPH   TO   VERSAILLES. 

The  Mississippian  was  reached  in  a  well  near  St.  Joseph  at  a  depth 
of  1,250  feet.  The  same  rocks  were  struck  at  Orric  at  a  depth  of  545 
feet.  At  Higginsville  the  following  general  section  has  been  obtained 
from  the  deep  well  of  the  Higginsville  Prospecting  Company: 

Summary  of  log  of  well  at  Iligginsnlle. 


Thickness. 

Depth. 

Feet. 

Feet. 

68 

68 

302 

370 

87  j 

457 

63  1 

330 

ifts ! 

715 

55 

770 

743 

1,513 

Pleistocene 

Des  Moines 

Keokuk 

Burlington 

Klnderhook 

Devoninn  (?) 

Cainbro-Ordovician 

The  following  secti(m   was   obtained   from   the   waterworks  well 
about  3  miles  south  of  Sedalia  and  about  100  feet  lower  than  the  city: 
Summary  of  log  of  ualer works  u;ell  near  Sedalia. 

Thickness.     Depth. 

I       Feet.  FeeU 

^•«nofM58  8sppan ^ 

J^:^:-;;:^U^.c.anV-^^  1,151  I        1> 
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In  section  3  (PI.  IV)  the  waterworks-well  section  is  combined  with 
that  of  a  deep  well  about  a  mile  to  the  northwest  in  which,  according 
to  the  statement  of  the  driller,  white  sandstone  was  struck  at  a  depth 
of  1,000  feet  and  continued  to  the  bottom  of  the  well,  a  distance  of 
1,612  feet. 

The  various  horizons  down  to  the  Jefferson  City  limestone  outcrop 
successively  toward  the  town  of  Versailles,  which  stands  near  the 
crest  of  an  anticlinal  fold,  the  strata  having  an  eastward  dip  to  the 
east  of  the  town. 

Section  3  crosses  over  the  synclinal  trough  outlined  in  the  sections  1 
and  2.  It  also  illustrates  artesian  conditions  along  the  western  slope 
of  the  Ozark  Island. 

SECTION    FROM    FOREST    CITY   TO    ST.  LOUIS. 

At  Forest  City,  Holt  County,  a  diamond-drill  hole  was  sunk  to  the 
depth  of  2,400  feet,  and  the  writer  is  indebted  to  Dr.  E.  R.  Buckley 
for  the  carefully  prepared  record  which  he  made  from  the  core.  The 
complete  log  of  this  well,  together  with  those  of  other  wells  mentioned 
in  the  description  of  the  cross  sections,  is  given  in  another  part  of 
this  report.     The  summar}^  is  as  follows: 

Sumtnary  of  log  of  well  at  Forest  (Hty. 


Pleistocene ... 

Missouri 

De*  Moines. .. 
Mississippian. 
Devon.an  (?) . 
Silurian 


Thickness.     Depth. 


Feet.  Feet. 

64  64 

866  1          930 

690  1,620 

293  1,913 

128  2.041 

359+  2. 400+ 


In  an  oil  prospect  hole  on  the  farm  of  Robert  Davis,  3  miles  north- 
west of  Braymer,  Caldwell  County,  the  Mississippian  is  reported  to 
have  been  struck  at  650  feet  and  the  St.  Peter  sandstone  at  1 ,250  feet. 
A  complete  record  was  not  preserved' 

At  Brunswick,  Chariton  County,  the  Mississippian  was  reached  at 
180  feet.  This  shows  the  steady  dip  of  the  Pennsylvanian  over  the 
Mississippian  floor  to  the  northwest.  From  this  point  to  Mexico  the 
crest  of  the  Ozark  Island  is  nearly  level.  At  Iligbee  the  Mississippian 
is  reached  at  a  depth  of  240  feet.  At  Mexico  the  following  section  is 
obtained : 

Summary  of  log  of  well  at  Mexico. 


Pleistocene 

De«  Moines 

Mississippian 

Devonian 

Ordovieian  and  Carabro-Ordovician , 


Thickness. 

Fret. 
15 

Depth. 

Feet. 
15 

U") 

160 

405 

5(>.5 

(Vi 

6.'«) 

:               39.5  ; 

1.025 
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The  St.  Peter  sandstone,  10  feet  thick,  was  struck  at  670  feet.  The 
Des  Moines  comes  to  the  surface  a  few  miles  east  of  Wellsville. 

In  Warren  County  the  St.  Peter  sandstone  is  reached  at  a  depth  of 
390  feet.  Thence  it  dips  strongly  along  the  east  edge  of  Ozarkia  and 
is  struck  at  a  depth  of  1,580  feet  in  the  insane  asylum  well  at  St. 
Louis,  where  it  reaches  a  thickness  of  about  133  feet.  At  the  Belcher 
well  in  St.  Louis  it  is  reached  at  a  depth  of  1,500  feet  and  is  135  feet 
thick.  In  St.  Louis  County  is  a  small  patch  of  Pennsj^lvanian,  which 
is  80  feet  thick  in  the  insane  asylum  well,  and  is  not  found  in  the 
Belcher  well. 

Section  4  (PI.  IV)  shows  the  synclinal  trough  of  the  Pennsylvania!! 
in  the  northwestern  part  of  the  State,  the  approximate  contour  of 
Ozarkia,  and  the  St.  Louis  basin. 

SECTION    FROM    ARCADIA,  KANS.,  TO   MEMPHIS,  TENN. 

Section  5  (PI.  IV)  is  made  from  tlie  profile  of  the  St.  I^uis  and  San 
Francisco  Railroad  and  illustrates  the  dip  of  the  Pennsylvanian  to  the 
west ;  one  of  the  culminating  points  of  the  Ozarks,  at  Cedar  Gap  (the 
highest  point  reached  by  any  railroad  in  the  State) ;  a  general  outline 
and  cross  section  of  Ozarkia  in  the  southern  part  of  the  State ;  and  the 
old  Mississippi  estuary  from  Black  Rock,  Ark.,  through  to  Memphis. 
Section  5  also  shows  Crowleys  Ridge,  the  marked  topographic  promi- 
nence which  is  a  most  striking  feature  of  the  broad  alluvial  plain  of 
the  Mississippi  and  which  extends  from  eastern  Arkansas  through  a 
point  south  of  Cape  Girardeau  in  Missouri.  This  ridge  is  an  erosion 
remnant  of  the  vast  Quaternary  deposits  that  have  been  removed 
from  this  region,  the  Mississippi  having  flowed  through  the  basin  to 
the  west  previous  to  its  capture  by  the  Ohio,  as  already  described 
(p.  10).  The  ridge  is  over  100  feet  high  throughout  most  of  its 
length  and  of  varying  width. 

Various  mine  sections  and  prospect  drill  holes  in  Barton  County 
show  a  varying  thickness  of  the  Pennsylvanian  averaging  about  2(H) 
feet,  the  westerly  dip  bringing  the  Mississippian  to  the  surface  a  little 
west  of  Golden  City.  At  Ash  Grove  the  Devonian  is  reached  at  a 
depth  of  250  feet,  and  a  sandstone,  believed  to  be  the  St.  Peter  sand- 
stone, at  a  depth  of  275  feet.  At  vSpringfield  several  wells,  drilled 
within  a  few  hundred  feet  of  each  other,  show  the  supposed  St.  Peter 
sandstone  at  an  average  depth  of  320  feet.  At  Cedar  Gap  this  sand- 
stone is  only  slightly  exposed  in  the  sides  of  the  ravines,  and  the  coun- 
try is  capped  by  thin  patches  of  the  Mississippian.  At  Thayer  the 
lower  part  of  the  Jefferson  City  limestone  is  well  developed.  The  dip 
from  Cedar  Gap  is  generally  to  the  southeast,  and  in  the  vicinity  of 
Black  Rock,  Ark.,  the  upper  part  of  the  Jefferson  City  limestone  is  the 
surface  rock  except  at  the  tops  of  some  of  the  highest  hills,  which  are 
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capped  with  St.  Peter  sandstone.     Mr.  William  B.  Johnson  gives  the 
f oUowing  section  at  Marked  Tree,  Ark. : 

Section  at  Marked  Tree,  Ark. 


I       Ffet.  Feet. 

Lafayette  sand ^ 220  220 

Lagrrange  formation ,  178+  i         398+ 


SECTION    FROM    DONIPHAN,    MO.,    TO    HICKMAN,    KY. 

Doniphan  is  underlain  by  the  Jefferson  City  limestone.  The  record 
of  a  deep  well  which  was  sunk  there  a  few  years  ago  has,  unfortunately, 
been  lost.  The  Jefferson  City  limestone  extends  about  1 8  miles  east- 
ward to  the  Mississippi  embayment.  Crowleys  Ridge  is  crossed  by 
section  6  (PI.  IV)  at  a  point  where  its  elevation  reaches  about  300  feet. 
At  New  Madrid  a  well  295  feet  deep  goes  for  some  distance  into  the 
Lagrange  formation. 

Prof.  L.  C.  Glenn,  of  Nashville,  Tenn.,  has  kindly  furnished  the  log 
of  the  Hickman  well,  with  the  following  correlations: 

Summary  of  log  of  well  at  Ilkkman,  Ky. 


Thickness. 


Depth. 


Feet.       !  Feet. 

Loess 80+  .  80 

Lafayette 10      I  90 

Lagrange 740+  830+ 


Section  6  gives,  approximately,  the  Mississippi  embayment  and  a 
cross  section  of  Crowleys  Ridge  at  one  of  its  highest  points. 

SECTION    FROM    DONIPHAN,    MO.,    TO    CAIRO,    ILL. 

The  Jefferson  City  limestone  extends  from  Doniphan  to  Poplar 
Bluff,  where  the  old  Mississippi  embayment  begins.  Section  7  (PI.  V) 
illustrates  the  shallower  northern  contour  of  the  Mississippi  embay- 
ment. The  following  section  and  correlation  at  Morehouse  are  given 
by  Professor  Glenn : 

Summary  of  log  of  well  at  Morehouse. 


Clay  (probably  alluvial) 

Coaree  sand  (?) 

Gravel 

Lagrange 

Porters  Creek  (Tertiary) . . . 

Ripley  (Cretaceous) 

Mississippian  limestone  (?) . 


1  Thickness. 

Depth. 

'       Feet. 

1                 30 

Feet. 
30 

1           no 

140 

!                 10 

150 

98' 

248 

218  1 

466 

224  ' 

690 

90 

7«0 

m 
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At  Cairo,  IlK,  the  correlatinu  uf  a  rori>rd  furnished  bv  Mr,  01 
KcMjhtitssky*  nf  Cape  Ciirardeau,  furnished  th^  following  j^ummarTj 


Summary  of  log  qf  «Wf  td  Cmro^  lU^ 


Ttilflciwa.    I^ 


Mlpil^Be^  '   ^ 

PorfNV  Greek  (TortliiiT> . . , 

MispliMlppUui  timmtoD^  (?) 


m 

337 
l< 


SECTIOK    FROM    PLEASANT    UILL   TO    LOFISIAXA. 

Section  8  (PI.  \)  m  driiwn  nut  only  to  illustralr  the  nestprnd! 
of  the  Poansylvanian  toward  the  8t.  Joseph  syncline,  hut  aJ^t  »|t 
i^^€^^ula^ty  of  thp  northwestern  border  of  Ozaikia;  the  deveUfHi4 
of  the  northeastern  anticline  which  ha**^  turned  the  coun^e  of  Jlk**« 
River  in  Saline  Coiinty  to  the  north:  the  p^ynrlinal  ba^in  in  Sulfl 
and  Howard  counties,  which  is  Bhol^^l  on  page  81  to  be  the  [WiM 
hie  eause  of  the  saline  waters  of  that  district;  and  the  f*ifejt<*ni  ^If 
of  tlie  Ostark  I:?1andj  which  foniis  a  part  of  the  .syueHti&l  vaIIcM 
the  Mis8is:?iippi  at  Ijouiai&na.  i 

Brtwf'f^i  Fayette  and  lj>tnsinnn  nn  w<>ll  record >  t'tndd  he  oburM 
and  except  in  r(»<;ar(l  to  the  outcrop  of  the  diircrmt   ftniiuin.  ir 
tion  S  is  somewhat  tlieoi'c^tical. 

At  Pleasant   Hill,  as  already  stated,  n  drill  wi^ll  >trurk  tIm    \: 
si|)pian  at  n'M)  I'rot . 

The    rocord   of    the   fair  grounds    artesian   well    at    >\\«mi    .^      . 
1,074  feet  deej),  furnishes  thr  follow  iui:  suunuary: 

Suininiin/  of  hx/  nf  v,l/  al  Sii,,t  S  p/ 1  m/s  Jtii  r  ijio^iuis. 


rirl>t<Mrli.- 

M'-i-i|'l""i 

|)C\MI!1,II1    .111.1    Cllllhrn 


'VW  St.  fN'lrr  sandstone'  was  reached  at  a  de{)th  of  :^V^  t- 
had  a  thickness  of  1)7  feet.  Il  outcro|)s  near  Mi»ouri  Kix.; 
cuts  aci'oss  th(>  aiuichne  after  liaNiUL,^  heen  dellected  -nm.  c 
to  the  Jiortli. 
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The  old  deep  well  at  Boonslick,  near  Boonesboro,  Howard  County, 
has  the  following  section :  • 

Summary  of  log  of  well  at  Boonslick. 


Thickness.     Depth. 


Fret.  Ftet. 

riHstocene 22  22 

Des  Moines 68  90 

Mississippian 216  306 

Devonian  and  t'ambro-Ordovician 696  1.002 


The  St.  Peter  sandstone  was  probably  reached  at  607  feet  and 
had  a  thickness  of  101  feet. 

At  Fayette,  Howard  County,  the  artesian  well  shows  135  feet  of 
Pleistocene  and  599  feet  of  Des  Moines  and  passes  271  feet  into  the 
Mississippian.  Section  8  shows  a  ver\'  strong  dip  of  the  Xlississip- 
pian  rocks  to  the  east,  with  a  steady  rise  north  of  Fayette,  where 
they  reach  the  surface  near  North  Fork  of  SaH  River,  on  the  line  of 
this  section.  This  interesting  basin  is  referred  to  further  in  the  dis- 
cussion of  the  salt  waters  of  Saline  and  Howard  counties  (pp.  81-82). 

At  Louisiana,  Pike  County,  the  Thespian  artesian  well,  1,350  feet 
deep,  strikes  the  St.  Peter  sandstone  at  600  feet. 

SECTION    FROM    HIGOINSVILLE   TO    HANNIBAL. 

Section  9  (PI.  V)  is  given  tentatively,  being  one  of  the  most  diffi- 
cult to  correlate,  and  only  a  possible  development  of  the  horizons 
is  outlined.  The  section  runs  through  Higginsville,  Malta  Bend, 
Moberly,  Rensselaer,  and  Hannibal.  It  shows  the  general  dip  of 
the  strata  to  the  west  from  Moberly  to  Rensselaer  and  a  sharp  anti- 
clinal axis  of  Cambrian  rocks  at  Rensselaer.  Considerable  disturb- 
ance and  some  faulting  have  also  been  noted  at  this  point.  These 
can  not  be  indicated  in  the  section.  The  abrupt  eastern  slope  of  the 
Mississippi  i?yncline  is  shown  between  Rensselaer  and  Hannibal,  and 
o;i  each  side  of  Rensselaer  the  Devonian  and  Ordovician  rocks  are 
indicated.  The  Devonian  probably  extends  entirely  through  the 
section.  The  Ordovician  rocks  thin  out  between  Moberly  and  ilalta 
Bend,  apparently  not  being  represented  in  the  Malta  Bend  record. 

•  The  writer  '\^  indebted  to  Prof.  J.  W  Kilpatrirk.  of  Fayette,  and  Prof.  A.  F.  Heudrix,  of  Law- 
rence, Kans.,  for  this  section  and  for  the  Fayette  section  on  p.  83. 
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The  log  of  the  deep  well  of  the  Iligginsvillc  Prospecting  Company, 
furnished  by  Mr.  J.  11.  Burgan,  of  Iliggmsville,  gives  the  following 
summary: 

Summary  of  log  of  well  at  IligginsvUle. 

!  Thicknessu     IVpth- 


Ftct.  Ftei, 

Pleistocene 68  «s 

Des  Moines 302  3Tf' 

Mississippian ^45  71* 

Devonian t i               55  7?) 

Ordovieian  and  Cambro-Ordovician I              743  l.:u 


The  St.  Peter  sandstone,  150  feet  thick,  was  struck  at  the  depth 
of  1,071  feet. 

The  deep  artesian  well  at  Malta  Bend  gives  the  following  partial 
summary: 

Summary  of  log  of  well  at  Malta  Bend. 


Thickness.     Depth. 


I 

Feet.  Feet. 

Pleistocene 119  ll** 

Des  Moines  (record  incomplete) 230±  319- 

Misslssippian  (record  incomplete) 3(»i  M«- 

Devonian  (record  incomplete) j           200±  M9± 

The  St.  Peter  sandstone  was  struck  at  900  feet  and  was  30  feet 
thick. 

A  portion  of  this  record  was  given  from  memory  by  some  of  the 
drillers  and  is,  probably,  only  approximate!}^  correct.  The  well  is 
1,300  feet  deep.  It  has  been  impossible  to  obtain  the  complete 
record. 

SECTION   FROM   MOBERLY   SOUTHWEST  TO   NEVADA,   THENCE   SOUTH  TO 
CARTHAGE    AND    EAST   TO    SPRINGFIELD. 

Section  10  (PI.  V)  shows  the  syncHnal  basin  in  Howard  County, 
crossing  over  a  portion  of  Ozarkia  from  Boonesboro  to  Clinton,  show- 
ing the  coal  basins  at  Rockville,  just  south  of  Nevada,  and  again 
touching  Ozarkia  at  Carthage  and  Springfield.  It  is  also  given  for  the 
purpose  of  showing  the  ccmtinuation  of  the  St.  Peter  sandstone  from 
Hannibal  and  Louisiana,  on  the  Mississippi,  westward  to  Fayette 
and  around  the  Ozafk  Island  on  the  west  and  south  of  this  section  to 
Springfield.  It  further  demonstrates  the  thinning  out  of  the  Ordo- 
vieian all  around  the  Ozarks.  The  Ordovieian  rocks  seem  to  be  well 
developed  at  Macon,  Moberly,  and  Iligginsville,  in  an  outer  ring 
around  Ozarkia ;  but  on  the  slopes  of  the  uplift  they  thin  and  abruptly 
disappear.  This  is  well  shown  in  sections  9  and  10.  The  Ordovieian 
system  seems  also  to  be  well  developed  along  th^  west  side  of  th^ 
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Ozark  Island  and  northward  into  Iowa.     It  evidently  once  formed  a 
penumbral  margin  around  this  elevation. 

The  record  of  the  well  at  Moberly,  1,170  feet  deep,  submitted 
through  the  courtesy  of  Mr.  W.  H.  Jones,  of  that  city,  gives  the  fol- 
lowing summary: 

Summary  of  log  of  well  at  Moberly. 


Pleistocene 

Des  Moines 

MississippUn 

Devonian 

Silurian  (Niagara) . . 

Ordovician 

Cambro-Ordoviclan . 


Thickness. 

Depth. 

Feet. 

Feet. 

38 

38 

89 

127 

390 

Til? 

rt8 

■d^ 

95 

tJ8«) 

3«5 

1,045 

t>55 

1,700 

The  correlations  in  this  record  are  based  on  McGee's  summar}-^  of 
the  formations  found  in  the  deep  well  at  Macon,  Macon  C'ounty,  a  few 
miles  north  of  Moberly.** 

The  same  basin  structure  is  shown  in  section  10  as  was  shown  in 
section  8 — a  fact  that  is  discussed  further  in  the  study  of  the  saline 
waters  of  Howard  and  Saline  counties  (pp.  81-82). 

The  Fayette  and  Boonesboro  wells  have  already  been  described 
(p.  37). 

The  well  section  at  Sedalia  is  made  by  combining  the  records  of 
two  wells  situated  about  a  mile  apart : 

Summary  of  logs  of  wells  at  Sedalia. 


Mississippian 

Devonian 

Cambro-Ordovician . . . 
Cambrian  or  Archean . 


Thickness. 

Depth. 

Feet. 

Feet. 

•>>i> 

22« 

23 

249 

-L  1.151 

i  1.400 

±      212 

±   1,612 

The  St.  Peter  sandstone  is  found  at  a  depth  of  289  feet,  and  is  40 
feet  thick. 

From  Sedalia  to  Clinton  the  horizons  are  fairly  uniform.  At 
Clinton  the  following  section  was  procured  through  the  courtesy  of 
Dr.  J.  H.  Britts: 

Summanj  of  log  of  well  at  Clinton. 

Thickness.     Depth. 

Feet.  Feet. 

Des  Moines 40  40 

Mississippian ±150  ±  i<m) 

Devonian ±    40  ±  J30 

Cambro-Ordovician ±570  l  ^oo 

a  McQee,  W  J,  a<»ology  of  Macon  County:  Trnns.  St.  Louis  AcaU.  Sci.,  vol.  5,  Xo.  1, 1W>8,  p.  ;J27. 

IBR  195—07 4 
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The  St.  Peter  sandstone  is  20  feet  thick  and  was  encountered  at  a 
depth  of  290  feet. 

From  CUnton  to  Nevada,  as  indicated  by  the  very  impyerfect  record 
of  a  deep  well  at  Rockville,  there  is  a  sag  in  the  strata  and  a  thickening 
up  of  the  St.  Peter  sandstone. 

The  record  of  the  Nevada  deep  well  is  very  incomplete  and  difficult 
to  correlate.  A  thickness  of  170  feet  of  Des  Moines  is  noted,  and  the 
St.  Peter  sandstone,  93  feet  thick,  is  reached  at  a  depth  of  775  feet. 
About  9  miles  south  of  Nevada  an  oil  prospect  well  was  put  down  to 
a  depth  of  1,447  feet.  The  imperfectly  kept  record  of  this  well  shows 
the  existence  of  another  slight  sjmclinal  trough,  and  a  thickening  up 
of  the  Des  Moines  to  294  feet.  The  St.  Peter  sandstone  was  reached 
at  907  feet,  with  a  probable  thickness  of  100  feet.  From  this  point 
southward,  the  Des  Moines  rapidly  rises,  the  base  reaching  the  surface 
beyond  Lamar. 

Winslow^  gives  an  approximate  section  of  a  drill  hole  2,005  feet 
deep  at  Carthage.  It  is  unfortunate  that  his  description  is  so  incom- 
plete as  to  render  it  impossible  to  correlate  the  section.  The  sum- 
mary would  be  about  as  follows : 

Probable  summary  of  log  of  drill  hole  at  Carthage. 

Thickness,  i  Depth. 

I       Feet.       '     Feei. 

Mississlppiun 400  +« 

Devonian 50  Ti' 

Cambrian  and  Cambrc-Ordovldan 1,300  l.r> 

Archean  (porphy ry ) ■  2^J  2.t»i" 

^ i \ 

The  St.  Peter  sandstone  was  reached  at  a  depth  of  560  feet,  and 
was  about  85  feet  thick. 

The  traveler  going  northward  from  Carthage  to  vSpringfield  paj^sos 
up  the  slope  of  the  Ozarks.  Several  imperfect  well  records  show  a 
steady  dip  upward  on  this  slope.  At  Springfield  the  combined 
records  of  several  adjacent  wells  give  the  following  general  sumnian : 

Summary  of  logs  of  wells  at  Springfichl. 


Thicknesis. ,    Depth 


Feet.  Ffft. 

Missivssippian :m  S 

Devonian 

Cambro-Ordovician 


40  .'t 

660  !         l.'« 


The  supposed  St.  Peter  sandstone  was  reached  at  a  depth  of  35<i 
feet,  and  has  a  thickness  of  16  feet. 

<»  VVinslow,  Arthur,  Lead  and  zinc  deposits,  pt.  2:  Missouri  Geol.  Survey,  vol.  7,  18^4,  p.  405. 
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SECTION    FROM    PACIFIC,    MO.,  TO   GREENVILLE,  ILL. 

The  log  of  the  insane  asylum  well  at  St.  Louis,  one  of  the  best 
records  to  be  found  in  the  State, gives  the  following  summary:® 

Summary  of  log  of  well  at  insaiie  asylum ^  Si.  Louis. 


Pleistocene ". 

Des  Moines 

Missisfdppian 

Ordovicum 

Cambrian  and  Cambro-Ordovician I 

Archean t 


Thickness. 

Depth. 

Feet. 

Feet. 

40 

40 

80 

120 

763 

883 

421 

1,304 

2,254 

3.5,58 

285 

3,»43 

The  St.  Peter  sandstone  was  struck  at  1,452  feet,  and  was  133 
feet  thick. 

Section  11  (PI.  V)  follows,  from  Pacific,  the  line  of  the  Missouri 
Pacific  Railway  to  St.  Louis.  At  Pacific  the  St.  Peter  sandstone 
outcrops  in  the  bluff,  thus  having  the  great  dip  of  1,452  feet  in  about 
30  miles. 

The  different  formations  above  this  sandstone  outcrop,  successively, 
between  Pacific  and  St.  Louis,  and  are  very  well  correlated  in  the 
Belcher  well,  situated  on  the  bank  of  Mississippi  River  in  the  city 
of  St.  Louis,  about  6  miles  east  of  the  insane  asylum  well. 

Across  the  river,  toward  Casey ville  and  as  far  as  Greenville,  111., 
on  an  easterly  line,  the  Mississippian  and  Pennsylvanian  successively 
outcrop  under  the  loess,  dipping  gently  to  the  east.  The  structural 
conditions  of  the  beds  between  Mississippi  River  at  St.  Louis  and 
Caseyville,  111.,  are  only  conjectural.  There  may  be  a  low  anticline, 
or  there  may  be  faults.  The  Mound  City  well  section  would  indicate 
a  gentle  dip  to  the  east  as  more  probable.  As  no  well  sections  from 
this  area  are  available,  the  existence  of  a  low  anticline  can  only  be 
assumed. 

At  Godfrey,  111.,  a  few  miles  to  the  northeast  of  section  11,  a  well 
was  sunk  to  a  depth  of  1,703  feet,  in  which  St.  Peter  sandstone  was 
struck  at  1 ,625  feet.  The  Avriter  is  indebted  for  this  section  to  Mr. 
D.  W.  Maxfield,  of  Monticello  Seminary. 

SECTION    FROM    KEOKUK,  IOWA,  TO    ST.  LOUIS,  MO. 

A  summary  of  the  formations  in  the  well  of.  the  Keokuk  Poultry 
Company,  at  Keokuk,  Iowa,  is  taken  from  Norton's  Artesian  Wells 
of  Iowa.  ^ 


a  Broodhcad,  G.  C,  Trans.  St.  Ix>uis  Acad.  Sci.,  vol.  3,  No.  2,  1878,  p.  219. 
b  Iowa  Geol.  Survey,  vol.  G,  1897,  p.  235. 
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Summary  of  log  of  well  at  Keokuk ,  Iowa. 


Pleistocene 

Keokuk 

MontroRC  cherts  (Missisaippian) , 

Burlington,  upper  part  of  (Mississippian)  . 
Burlineton,  lower  part  of  (Mississippian) . 

Kinderhook  (Mississippian) 

Devonian 

Silurian 


Thickness. ' 

Depth. 

Feel.      1 

#-«<- 

5 

5 

130  1 

135 

301 

m 

22  1 

\< 

103 ; 

?*1 

206  1 

4% 

H5  1 

s>*: 

120, 

:*.'! 

The  St.  Peter  sandstone,  110  feet  thick,  was  struck  at  a  depth  of 
1,050  feet  in  the  Ilubinger  well,  not  far  from  the  well  of  the  Keokuk 
Poultry  Company.  Norton  estimates  that  this  sandstone  would  be 
struck  in  the  latter  well  at  1,250  feet. 

At  Canton,  I^wis  County,  an  artesian  well  was  sunk  in  1890  to  a 
depth  of  906  feet.  The  St.  Peter  sandstone  was  struck  at  846  fe^t, 
and  drilhng  was  stopped  in  this  rock  at  906  feet,  showing  a  thickness 
of  60  +  feet. 

At  Lagrange,  in  the  same  county,  two  artesian  wells  were  sunk. 
The  Thomas  well  on  the  bluff  at  an  altitude  of  580  feet  struck  St. 
Peter  sandstone  at  800  feet,  and  the  Wyaconda  at  an  altitude  of  481 
feet  struck  this  rock  at  700  feet,  passing  into  it  for  115  feet. 

The  well  of  Dr.  A.  Vemet,  near  Hannibal,  Marion  County,  was  sunk 
to  a  depth  of  1,340  feet.  The  record  was  furnished  the  writer  by  Mr. 
R.  Hawkins,  of  Chillicothe,  and  from  it  the  following  sunmiary  was 
made: 

Sum,ijuiry  of  log  of  Vemet  well,  near  Hannibal. 


Ploistocenc 

Mississippian 

Devonian  (?),  Siiuriun,  and  Onloviciun  to  St.  Peter  sandstone. 

St.  IVter  .sandstone 

JelTerson  City  limestone 

Uoubidoux  sa  ndstone 


Thickness. 

Depth. 

Feet. 

Feet. 

41 

41 

259 

anp 

301 

nt'I 

96 

(K 

253 

H'li 

290  i 

Li** 

At  Louisiana,  Pike  County,  the  Thespian  artesian  well  has  a  depth 
of  1,350  feet.  Unfortunately  the  record  of  this  well  has  been  lost, 
but  it  is  known  that  the  St.  Peter  sandstone  was  struck  at  a  depth  of 
600  feet. 

From  Louisiana  southward  to  St.  Louis  the  country  is  ver}^  much 
broken  and  disturbed.  The  Cap  au  Ores  fault  crosses  the  river  near 
Winfield.  As  there  are  no  well  sections  between  Hannibal  and  St. 
Louis  only  a  theoretical  outline  of  the  geology  can  be  shown  in  section 
12  (PL  V).  The  St.  Peter  sandstone  comes  to  the  surface  in  Lincoln 
County  and  then  dips  sharply  to  the  south,  being  found  in  the  insane 
asylum  well,  as  described  on  page  41,  at  a  depth  of  1,452  feett 
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East  of  Hannibal,  at  Barry,  lU.,  in  a  well  2,500  feet  deep,*  the  St. 
Peter  sandstone  was  struck  at  1,125  feet.  The  altitude  of  Barry  is 
617  feet  and  that  of  Hannibal  472  feet.  The  sandstone  was  struck  at 
Hannibal  at  601  feet. 

INDKRCJROITND  WATKR8. 

ARTESIAN  DISTRICTS. 

The  State  may  be  conveniently  and  somewhat  arbitrarily  divided 
into  the  following  ten  districts:  (1)  The  northeastern,  (2)  the  north 
central,  (3)  the  south  central,  (4)  the  Decaturville  dome,  (5)  the  Clin- 
ton-Nevada, (6)  the  southeastern,  (7)  the  St.  Ijouis  basin,  (8)  the  St. 
Francis  Mountains,  (9)  the  southeastern  swamp,  (10)  the  drift. 

NORTHEASTERN  DISTRICT. 
GENERAL    ARTESIAN    CONDmONS. 

The  northeastern  district  includes  the  portions  of  the  counties  north 
of  St.  Charles  County  that  lie  between  Mississippi  River  and  the  ridge 
a  few  miles  to  the  west.  The  artesian  wells  obtain  their  flow  from  the 
eastern  slope  of  the  northern  extension  of  the  Ozark  uplift.  In  the 
northeast  comer  of  the  State  for  some  miles  back  from  the  river  the 
Des  Moines  group  forms  the  country  rock.  Along  the  Mississippi 
from  the  Iowa  border  nearly  to  Louisiana,  Mo.,  and  for  some  distance 
inland  farther  south,  Missouri  rocks  outcrop.  In  the  vicinity  of 
Louisiana  a  narrow  belt  of  Silurian  appears.  The  dip  is  strongly  to 
the  east.  The  St.  Peter  sandstone  rises  steadily  from  Iowa  toward 
the  south.  In  this  district,  the  drillers'  records  are  meager  and  poorly 
kept.  There  are  flowing  wells  at  or  near  Canton  and  Lagrange, 
Lewis  County;  Hannibal,  Nelsonville,  and  Oakwood,  Marion  County; 
Spalding,  Ralls  County;  Louisiana,  Pike  County;  and  Troy,  Lincoln 
County. 

Flowing  artesian  water  in  this  district  may  be  found  in  a  narrow 
belt  extending  from  Keokuk  probably  to  a  point  a  little  south  of 
Louisiana.  The  belt  is  limited  because  of  the  more  or  less  abrupt 
slope  toward  the  river  and  the  relative  nearness  of  the  crest  of  the 
divide  to  the  river  valley,  as  shown  in  sections  8  and  9  (pp.  36-37). 
The  water  is  derived  mainly  from  the  St.  Peter  sandstone,  which,  so 
far  as  can  be  learned,  is  the  highest  horizon  yielding  flowing  water. 
As  a  rule  potable  nonflowing  water  may  be  found  at  the  base  of  the 
Mississippian.  It  is  not  probable  that  water  will  rise  to  an  altitude 
of  much  over  600  feet  in  this  district,  and  owing  to  the  high  elevation 
of  the  towns  along  the  divide  it  is  questionable  whether  that  will 
be  within  proper  pumping  distance. 

oLeTerett,  Frank,  Seventeenth  Ann.  Kept.  U.  S.  Geol.  Survey,  pt.  2,  1S9<),  p.  810. 
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It  is  rather  interesting  to  notice  the  general  increase  in  mineral  con- 
stituents in  the  water  southward  from  the  Iowa  line,  as  shown  by  the 
following  table: 

Statistics  of  wells  in  northeastern  district. 


Canton 

Wyaconda. 
Lagrange , . 
Spalding. . . 
Louisiana.. 


Weil. 


Depth 
(feet). 


906 
850 
800 
300 
1.350 


Temper- 
ature 
r  F.). 


60 
60 
61 
57 
63.5 


Total  sol-  Sodium 

ids  (parts  ciJoriik 

I)er  mil-  (jwirtJ  pff 

lion).  mllliooj. 


385.76 
373  266 
305.571 
700.3112 
552.2904 


266,2*^: 

2S6.W4 

330.  w: 

S3S.2fii; 
410.721J 


An  increase  in  the  amount  of  the  other  mineral  constituents  as  well  as 
of  salt  is  noticed  in  these  wells.  Samples  of  St.  Peter  sandstone,  pro- 
cured from  several  shallow  wells  in  Ralls  County,  show  the  presence  of 
minute  disseminated  grains  of  marcasite  (iron  pyrites)  which  will  perhaps 
account  for  the  increasing  amount  of  sulphureted  hydrogen.  The 
catchment  basin  for  the  St.  Peter  sandstone  is  probably  in  Wisconsin, 
the  water  flowing  through  Iowa  and  meeting  with  a  gentle  upward  dip, 
as  noted  in  the  sections,  so  that  when  it  reaches  Missouri  it  undoubt- 
edly has  its  mineral  constituents  concentrated,  as  is  indicated  by  the 
foregoing  table. 

CLARK   COUNTY. 
KAHOKA.. 

The  following  is  the  log  of  one  of  three  deep  nonflowing  wells  at  the 
pickle  plant  of  the  Clark  County  Canning  Company,  Kahoka: 

Log  of  Clark  County  Canning  Company  well,  Kahoka. 


Thickness.  I   Depth. 


Plolstocone  (157  feet): 

(Juinl)O 

Yellow  clay 

Sand. 


Bliio  clay 

Gray  dav 

Yellow  clay 

Blue  clay 

Sand 

Keokuk  (131  fo(>t): 

Uock,  sholly 

Solid  roi'k 

Linicstoin* 

dray  linicstonc 

*  'Soapslonc  " 

Watcr-lH'aring  ro<k. 

Shale 

Sandstone 

Shale 

Rock 

Soft  rock 

Burlington  (72  feet): 

Linieftono 

Shal.' 

LiuH'stone 


Feet. 


20 

20 

10  ' 

20 

30 

40  I 

10 


Ffft. 


H 

3) 
Hi 
lOD 
14P 
1* 

1.^: 

1* 

3» 

2T.' 

2t- 

zv. 

2:1^ 
»^ 

m 

315 

m 
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The  first  water  was  struck  at  a  depth  of  60  feet,  and  a  still  larger 
body  was  encountered  in  the  honeycombed  limestone  at  a  depth  of  198 
feet.  The  well  was  shot  with  dynamite  at  different  depths,  after 
which  it  was  cleaned  out.  Excellent  water  stands  at  72  feet  below 
the  surface. 

The  Kahoka  city  water  supply  is  obtained  from  a  well  509  feet  deep. 
Drilling  was  started  in  December,  1901,  by  George  C.  Morgan,  of  Chi- 
cago, and  the  well  was  finished  in  March,  1902.  The  water,  which  is 
wholesome,  abundant,  rather  hard,  and  usually  clear,  rises  within  90 
feet  of  the  surface  or  to  the  top  pf  the  rock,  as  the  Pleistocene  is  90 
feet  thick.  A  reservoir  with  a  capacity  of  75,000  gallons  provides 
water,  with  direct  pressure,  for  city  consumption.  No  log  of  this  well 
has  been  preserved,  and  no  analysis  has  been  made.  The  cost  of  the 
well  and  pump  was  $3,000  and  the  supply  of  water  is  ample  for  the 
needs  of  a  city  of  2,500  j>eople. 

LEWIS    COUNTY. 


At  Canton  a  well  is  situated  on  the  grounds  of  the  Christian  Uni- 
versity, about  1  mile  west  of  the  river,  at  the  summit  of  a  picturesque 
bluff.  Its  elevation  is  about  600  feet;  depth,  900  feet;  6-inch  casing 
to  100  feet;  temperature  of  water,  60°;  of  air,  80°;  flow,  72  gallons 
per  minute;  pressure,  12  pounds;  date  of  completion,  1890;  cost, 
$1,812.  The  first  water  was  struck  at  a  depth  of  90  feet,  and  rose 
within  about  10  feet  of  the  top.  At  a  depth  of  870  feet,  in  the  St. 
Peter  sandstone,  a  strong  flow  of  water  was  struck,  which  had  a  gaged 
pressure  of  12  pounds.  Mr.  L.  H.  Condit,  the  postmaster  at  Canton, 
superintended  the  drilling.  He  states  that  when  the  drill  struck  the 
sandstone,  which  was  spongy  and  water-logged,  it  went  down  sev- 
eral feet.  No  record  of  the  well  was  kept.  Although  this  well  is 
located  on  the  grounds  of  the  Christian  University,  it  was  drilled  at 
the  expense  of  the  city  under  a  lease  for  forty-nine  years,  and  Messrs. 
GriflBth  and  Maggard,  of  the  Aqua  Vitae  Mineral  Springs  Company, 
have  sub-leased  the  right  to  ship  the  water  for  medicinal  purposes. 
The  water  possesses  mildly  laxative  qualities.  The  well  was  origi- 
nally put  down  by  the  city  for  fire  protection,  and  its  saline  proper- 
ties made  it  of  especial  value  for  this  purpose,  as  fire  once  under 
control  by  this  water  has  little  chance  of  reignition.  Insurance 
companies  have  recognized  this  fact  and  have  cut  their  rates  about 
one-half  for  this  town. 

The  water  is  used  for  all  domestic  purposes,  except  that  of  watering 
lawns,  and  there  are  about  9  miles  of  mains.  It  is  clear  and  spar- 
kling, with  a  slight  sulphur  odor,  and  is  strongly  charged  with  sul- 
phureted  hydrogen.     This  well  is  interesting  from  the  fact  that  its 
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flow  hm  steadily  increti^efL  When  first  tested  it  flowed  S3  giUi^n 
per  niitiiitiv  In  1903  it  wan  opened  and  waiter  and  ^a^i  is^uitl  ntii 
^rottt  force^  due  lu  the  afM^urnuIation  of  gas.  It  was  again  l**M*^laisd 
found  to  flow  72  gallons  per  minute. 

An  Htialysrs  i*f  Oils  %vuter,  made  hy  Prof.  Harrison  Hale,  of  I^  | 
College,  resulted  an  follows: 

ArmiyttiM  ofwatrf/mm  Vaniun^  Lems  C^nly,'* 

lu 


i  'ftr bonat  r*  mtl  ieli*  ( COj)  * .  -  * 
Chldrinr  m >..,»,**.. 


•1 


|iiir  ftiiUlfm^ 

miin*  {SiO,K,,....,,«- .- .     ^*^ 

Imn  (Fr) . Tmeo, 

CAldnm  (rau  . .  252  J> 

Magm*!iiutH  (Mgl , U2 

Sr«dii»m(Ntt)-. ....^-4i*.t-.-     LSBe 

Poli^^iuni  <  K ) ...... ....  86 

1 1  will  l>e  noticed  that  this  water  somewhat  resembles  the  sulpl^-- 
saline  waU*r  of  Excel^sior  Springs*  It  is  gaining  a  considerable  repu- 
tation. 

UiCJRAKOl. 

Close  to  the  west  aide  of  the  Burlington  Railway  track,  at  Lsfni^ 
a  short  distance  from  the  railway  station^  is  a  well  owned  bj  ik 
Ijagrange  Mineral  Well  Prospecting  Company*  The  depth  )$  SflJ 
feet;  ele%'ation  above  tide  at  well  mouth,  481  feet;  casing*  6-incbp ^ 
frrt ;  f i>rii|n^rKt niv  nf  wutiT,  \\l°  F.;  of  air.  86"^  F.:  flow,  r>0  g-allonsiw 
ijiitTiitr;  diili"  uf  r<>Mi[il<"Ui>nH  l?^S7:  cost,  $1.5110:  surfHee  funii^tni/. 
Ki'iikuk  li^MtNT^nt^ 

Tbi^  wril  i-^  2-''*no  I'ret  ri(H']i  nnd  wa^  .^unk  witli  thv  expert ^tlii^i'^ 
rnMlMi*r  siHiie  prtililnblr  iniru'nil.  TIip  first  wuier  wns  ivjuhnl  *: 
ilKI  frer.  At  MM)  feel  n  s\io\i:i  Unvr  was  struck,  uiul  af  srinf^-': 
brijMiii'  Ml  sli)Ui;f  ibnl  1  br  diilliT  cuuld  ^a  tm  fartber.  T!ii^  ^ ■* 
euine^  frnin  \\\v  Mifl  ,  w  ^l!^t-lll^^f^^«<l  St.  Prfer  .satid^loue,  an<!  nu  [-(nri-^ 
t  ibl'*  *'lj)jtiL'*'  hns  ^'Vri'  Ihtm  iiniieed  in  eitlu^r  it>  vi^bnue  nr  fur*  r  S^' 
\{.  \.  KI,iik\MMiil  ^l/di'*-  tliMl  ifie  foiH'e  \\nN  siitiieierit  Uv  rjUf)^  -^ 
wnivv  tn  tbr  ^.nJiiinil  n\  ibr  MiiH\  a  ilislanc^e  tif  uVit  IIH)  fi-er  t!" 
\ull  ha-i  rcermily  lau'H  ^nld  in  Mr.  Thojtui.^,  lla*  owner  of  Mi^*  \Vh 
i'nutia  wrib  ;nni  (tie  pindiirl  n|'  hoi b  wclls  IS  slufiped  UUtJer  lllOlml'- 
uf  \\yarnrjrhi  unler. 

Thv  WyatnTuIn  wril  [^  tm  ilir^iu?imii  nf  a  hlulf  overlthikinii  thrl*^*^ 
nf  La^^mriixe'-  aixntl  I  fiiilr  tuirl  h  and  ala>iit  MH)  feet  ub<ivr'  tl\i' i^ri^ 
|ii>l  (l('-cn!)«Ml.  1"li«'  (.wild*  1^  William  fi.  Tboinas;  depth.  ^.">(' !••■ 
(liaiiicl  cr.  s  iiictio;  nil  ilihic  at  well  nioutli,  oSO  feet  ai)()ve  t  ide:  ra- v.^ 
.">;;-incli.  |.V)  iVrl  ;  t  mipci-at  iii-(»  of  water,  00°  F.;  of  aii\  sO"  K.::l''' 
in  L^ill'*!!-  p<'i"  iiiimile:  dale  i)i'  ('nni])letion,  Januai'v.  ls>^:  ».- 
si, .")()():  ^iiifacc  foi'iiial  ion.  Keokuk  limestone. 


'I  Kxpi 

states  ■  , 


iiputf  1  {o  i(>ni«-  form  aiid  part  *;  p<  r  m 
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The  main  flow  of  water  was  reached  at  800  feet,  in  the  soft,  white 
St.  Peter  sandstone;  it  is  steadily  decreasing  in  volume.  In  both 
this  and  the  Lagrange  well  the  flow  increased  when  the  St.  Peter 
sandstone  was  reached.  The  following  is  the  incomplete  log  of  the 
well: 

Log  of  Wyaconda  well^  Lagrange^  Lewis  County. <^ 


Thickness.     Depth. 


Pleistocene  (15  feet) : 
Sou. 


Hissisaippiaii  (480  feet) : 

Limestone 

Shale. 


Feet. 


Soft  Uraefltone 

Soft  shale,  slate,  or  soapstone 

Devonian  (?)  (1.50  feet) : 

Dry  "Trenton"  (?)  rock 

Silurian  and  Cambrian,  including  St.  Peter  sandstone  (205  feet) : 

Limestone 

White  sandstone 


200 
65 
6S 

150 

150 

155 

50 


Feet. 


215 
280 

4d5 


HOO 

850 


a  The  writer  is  Indebted  to  Mr.  William  H.  Thomas  for  the  logs  of  the  Wyaconda  and  Lagrange  wella 

Two  analyses  of  this  water  have  been  made,  one  of  which,  by  Prof. 
Paul  Schweitzer,  is  as  follows: 

Analyns  of  Wy(iconda  mineral  water. a 

Parts  per  million.  Parts  per  million. 

Silica  (SiOj) 40        Bicarbonate  radicle  (HCO,) 2.9 

Iron  (Fe) 1.3  j  Sulphate  radicle  (SO^) 1,055 

Calcium  (Ca) 293         Chlorine  (CI) 2,  975 

Magnesium  (Mg) 89 

Sodium  (Na) 1,  934 

Potaesium  (K) Trace.     ^""^'^  ^^2 

Lithiimi  (Li) Trace. 


6,  392.  2 
260 


But  an  imperfect  record  of  the  drillings  was  kept,  and  only  the  fol- 
lowing data  can  be  given : 

Partial  log  of  Wyacorula  tvell,  Lagrange,  Lewis  County. 


Pleistocene  (15  feet): 

Sou 

Mississippian  (.360  feet) : 

Limestone 

Shale 

Soft  limestone 

Soft  slate,  shale,  or  soapstone 

Devonian  (110  feet): 

Dry  limestone 

SUuriaii  and  Cambrian,  including  St.  Peter  sandstone  (315  foetK- 

Trenton  roolc  (?) 

Very  soft  white  sandstone 


800 


«  Expressed  by  analyst  in  grains  per  giilion  an<l  hypothetical  combinations;   recomputed  to  ionic 
form  and  parts  per  million  at  United  States  Geological  Survey. 
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With  this  meager  record  it  is  tiilTiciilt  to  correlate  ihf?  %*itriou*ff»Tmi- 
tioii!*^  paHse*l  liirmi^h,  hut  ft  ccimparison  with  the  w^ll  El  TL^ikA 
makes  the  abiire  iloterniintHions  |>robiibli\ 

An  unalyms  of  thii*  water,  made  by  C.  A-  Crampton,  W&ilimii  l 
D,  C,  .shows  tho  following;  ft**iulU: 

Silica  (8HV  ^^^        CurbtHian*  radicle  iCU|  k  ^ 

Irwu  { Ft*)  4  -  ^  -......,  V ..  - Traco.     ^ulplmit*  ntdicU*  t^O,  j  - .  tf* 

AUmutium  ^AIk.  *.--*.* H     dilnrinc^  (CI).  ,,,^,,^^^„.,   _  IsU 

ralfiiim  (Cal ^-JO  -—  I 

Mogat^luin  (Mk*                                H*1       ,,....  -,    ' 

Si^Jtmu  (Na)_-„*. ,...**,.•.,  2,21-1         *  ^^  ^'i -^--^ ^ 

Potttli(«JlUU  (tC| ^^4.*^i.«.^.--  *•**         I 

TftOY, 

Near  Troy,  Lmcohi  County,  ia  a  well  owned  by  N.  Hanni,  of  wliirk 
the  depth  is  136  feet;  altitude,  15  feet  above  the  railway  sutia; 
casing,  6-inch,  10  feet  to  rock;  flow,  a  small  stream,  about  1  galta 
per  minute;  date  of  completion,  1893;  surface  formation^  Biu^liE^ffi 
limeBtone.     In  this  well  flowing  water  was  struck  in  an  op^n  cmw 
between   12o   and   130  feet.     The   sijpply  decreases   with  punipk. 
ami  {'onsoquenily  ifie  w*'ll  flowi*  only  after  t!^e  pumps  hatr  Kv: 
^loppi'd  Un'  i^oiup  timi\     Xr>  lo^:  was  kept;  but  it  h  .stated  iliflrcijrr' 
und    uu    «'j»>ily    drillis!,    line-ijniiMcd    white    limestoiie    \u-^ri^  p?,^ 
tbriMi;=:Ii.     Ii  is  pinhufJf  llml  tlrillintr  was  stopped  in  the  loi\>r  f/ 

nf   llii'   BurllH;rriill,       AlinrlirT   wril   in  Tnw,   IDO  ff<'T    ih^rpiT,  (i\«-' 
l|nV\. 

TUi*  fiillusunjz  iinnh^is  *>(  \\iv  wtiter  of  tlir  llaiiin  ^^oJi  vs  jj^  fimt^'i^'* 
by  Mr    K    Iv  Klli>: 

Si(l|fhi(ii-  ..        L'l)  Alkiilin-MiirlMHiij*"-. 

!  IiImii .    ...         7.17      Alkuliinuiiui  I  ar(Uy  nurU,iuii^ 

Tukil  Uanlh-^/i--    .    jns -1       (siUiuiu.., ., . ..,.,  * 

M  \i:ici\    rrjl  \'\Y. 

II  \\  M  H  \1  . 

( )ii  t  he  w  «'>(  ('(Iltc  of  t  lie  cily  ol'  I  iaimibal.  about  1 }  niilo  w  r-i  ^l  * 
I'ailrnad  station.  i>  a  well  owned  by  Mrs.  WtiuM.  Tht^  depth  i-  1  ■ 
feet;  iiltitnde,  lios  feet.  (»r  l.J.")  fet^t  above  the  union  raih-oad  st:i'i-" 

"  l-:\i-n'<-c-l   \>\   .iii:;l\-f    III  ;_'rtiii^  pr  LMll'Mi  >iii(i  1' yi'Mttu't  iciil  e<iiiihin;iti<)ii>.     rt>  (a:.;.  .:.  ^i  : 
/oriii  iiiKi  p.irt-  \.vr  luilliuii  at   Initr.!  St,,t»  s  ( .rologKal  Survey. 
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Haimibal;  diameter  of  casing,  6  inches;  temperature,  57.2®  F.;  water 
stands  within  12  feet  of  top  of  well;  date  of  completion,  1894;  sur- 
face formation,  lower  part  of  the  Burlington.  The  writer  is  indebted 
to  Mr.  R.  Hawkins,  of  Chillicothe,  for  the  foUowing  record  of  this  well: 

Log  of  Verrut  ivell,  Hannibal,  Marion  County. 


Thickness.  1 

1                      1 

Depth. 

'                  41 

Feet. 
41 

154 
105 

ld5 
300 

33 

14 

254 

333 
347 
601 

Pleistocene  (41  fwt): 

Soil  and  clav 

Mi»si8sippian  (^ieet): 

'  Shaf^.  limentone,  and  hard  water 

Blue  limestone 

Devonian  (?).  Silurian,  and  Cambrian  to  St.  I'eter  sandstone  (301  feet): 

Black  slate 

Salt-water  sand;  water  rose  within  70  fwt  of  surfjioo 

Solid  limestone 

St.  Peter  sandstone  (9ttf«»t):  ~         * 

Mineral-water  sand;  water  rose  within  30  or  40  feet  of  surface 96  607 

Jefferson  City  limestone  (253  feet » : 

L'unestone  and  hard,  fine  sand  at  intervals:  water  rose  within  20  feet  of  sur- 
face  ]  363  950 

Roubidoujc  sandstone  (430  feetj : 

Hard  limestone '  50  I         1,000 

Soft  white  sand;  water  rose  within  7  feet  of  surface 5  1, 005 

Limestone i  50  1,055 

Limestone  with  Interstratified  sand I  150  1, 205 

Sand 20  1,225 

Ma^nesian  llmeatone 50  1,275 

Hard  white  sand;  water  stands  within  4  feet  of  surface ,  10  1, 285 

Magnesian  lime^one;  water  flowing 104  1, 389 

UoAOCOunted  for ;'  46  1,435 

This  well  was  put  down  by  Dr.  Fred.  Vemet  for  the  purpose  of 
obtaining  mineral  water.  The  water  is  very  saline,  being  simUar  to 
that  of  the  StUwell  well  in  Hannibal.  The  following  analysis  is 
taken  from  an  advertising  circular  published  by  Doctor  Vemet;  the 
analyst  and  date  of  analysis  are  unknown: 

Analysis  of  water  of  Vemet  well,  Hannibal,  Marion  County. o^ 

Parts  Parts 

per  million.  per  million. 

Iron  (Fe) 41     Carbonato  radicle 422 

Calcium  (Ca) 49     Sulphato  radicle  (SO^) 790 

Magnesium  (Mg) 108     Chlorine  (CI ) ; 58 

Sodium  { Na ) 363                                                                 

Lithium  (Li) 26  1,857 

In  1889  J.  ]M.  Tracy  drilled  a  well  for  oil  on  the  same  tract  of  land 
as  that  on  which  the  Vemet  well  is  situated.  The  elevation  was  50 
feet  above  the  railroad  station  at  Hannibal  and  85  feet  below  Doctor 
Vemet's  well.  Fresh  water  was  found  at  the  bottom  and  rose  within 
a  few  feet  of  the  surface. 

In  an  alley  near  Front  street,  corner  of  Hill  street,  close  to  the 
steamboat  wharf,  is  a  well  owned  by  the  Richard  Stilwell  Meat  and 
Ice  Company.  The  depth  is  950  feet;  altitude,  475  feel;  causing, 
8-inch,  200  feet;  temperature  of  water,  60"^  F.;  of  air,  88°  F.;  flow. 


a  Expressed  by  analyst  in  ^ains  per  gallon  ami  hs-pot helical  combinations;  recomputed  to  ionic 
form  and  pans  per  million  at  United  States  Geological  Survey. 
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fftirly  Btrong*  208  gaJlons  par  minute;  pi^es^siire  by  st^am  sf^sv 
puuiids;  dwte  of  r.onipletkm,  1800;  surface  formation,  Ixmisiana  ijjw^  , 
stone.     The  fii^t  water,  no nfl owing*  wa-s  struck  at  40  feet:  theM«| 
stream,  flnwiiig,  Wft^  encoimtered  at  800  feet^  in  the  nift,  vtinxrk 
Peter  sandstone;  and  it  is  claimed  that  for  100  feet  iti  this  sanifeow 
alternating^  55 tri*am8  of  fresh  and  salt  water  were  strurk.    Th<*  wniff 
is  highly  charg(?d  with  Rahne  ingredients,  and  suJphnreted  Imlr 
buhbleB  up  freely.     The  flow  in  est.imat^Ml  nt  300,00r>  gaUua'^  iit  t\u 
four  Iiourf=^*     No  hig  of  this  well  could  be*  obtained.     The  ImlI^; 
analysis  of  the  water  was  made  by  E.  E,  Ellis,  May  31,  1906: 


Anat^jtijt  fff  imtfT  of  ^tiJwfU  trtpfl,  ifmimh4it. 


Itoh ,,,..* 

Calchim 

Alkalinity  , , 

Alkalint*  oirbonatca. 


I'jirla  (WT  mUlkim. 

..._  Trtw.t\ 

....  150-f 

274,4 

0 


8^ilphattii ^  *  . .. -^ . . 

Chlorides -*t.-,,,,  Vrr 


Turbidity,  none;   eolor*  aone. 


The  water  is  very  salty  and  contains  a  large  amount  of  suIphmfM 

hydrogen. 


NELSON  TILLS. 


The  following  data  have  been  collected  about  the  wells  at  N^kD- 
\Hlle.  Wt4!  Xo.  1  is  in  see.  i?S,  T.  59,  R.  Si  W, ;  owner  anrl  df}lh 
i\  IL  Mohr;  lirsl  llo\s^  mI  iiboiit  GfiO  feet.  The  fcOin\\in-  |m^  ^n^ 
rei-t'ivt^d  tnnn  Mt'ssiN.  M    I.    I'lilli^r  hihI  S.  Siinfi*ril 


Jji^l  nf  f'tU    .V,!     f      .\rl>'.tfttt)ih\    Mtii->tiif    1\t)ihtH 


TIWITV 


l|iir<[  HMfi'^iE 

IjnsJ^MNiw,  Hits  \%4f'\ 

|,1in<'Nlrutii' 
HI  1 11'  A\nW 


§1 
II 

141 
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Well  No.  2  is  3  miles  south  of  Nelsonville,  in  sec.  21,  T.  59,  R.  8; 
owner  and  driller,  C.  H.  Mohr.  The  well  was  drilled  with  4i-inch 
tools.  It  flows  10  gallons  per  minute,  and  the  water  rises  12  feet 
above  the  mouth.  The  following  log  was  received  from  Messrs. 
M.  L.  Fuller  and  S.  Sanford: 

Log  of  well  No.  J,  Nelsonville,  Marion  County. 


Oay 

Blue  shale 

Limestone 

Gray  shale 

Limiestone , 

Red  sand;  some  oil  and  gas 

i'imestone 

^NTiite  sandstone;  mineral  water 

Hard  rock 

Sandstone , 


Thickness. 

Depth. 

/■>«!. 

Feet. 

45 

45 

150 

195 

60 

25.5 

35 

290 

220 

510 

15 

525 

125 

m 

10 

600 

2 

662 

213 

875 

At  Palmyra  a  well  was  sunk  to  a  depth  of  1,683  feet.  The  water 
is  said  to  have  flowed  at  700  feet.  The  analysis  here  given  was 
made  by  Prof.  Paul  Schweitzer  in  1887. 

Analysis  of  water  of  well  at  Palmyra^  Marion  County, f'^ 

Parts  per  million. 

Sulphate  radicle  (SOJ 814 

Chlorine  (CI) 6, 443 

Bromine  (Br) 4 


Parts  per  million. 

Silica  (SiOj) 19 

Calcium  (Ca) 515 

Magnesium  (Mg) 234 

Sodium  (Na) 3,542 

Lithium  (Li) .9 


11,571.9 


GARWOOD. 

A  deep  well  was  sunk  in  1890  at  Oakwood,  3  miles  southwest  of 
Hannibal,  on  the  land  of  C.  G.  Price,  but  it  ceased  to  flow  some 
years  sinc«.  The  log  was  lost.  This  well  was  about  800  feet  deep 
and  located  150  feet  above  the  river.  It  had  a  very  strong  flow, 
but  it  was  stopped  up  because  the  highly  saline  water  injured  vege- 
tation. The  following  analysis  of  this  water,  furnished  by  Mr.  Price, 
was  made  by  R.  Chauvenet  &  Brother: 

Analysis  of  water  of  well  at  Oakwood.  Marion  County. o^ 

Parts  per  million. 

Calcium  ( Ca) r)34 

Magnesium  (Mg) 249 

Sodium  ( Na) 5,  233 

Sulphate  radicle  (SO/) 3, 401 

Chlorine  (CI) 7.  388 


16,905 


•Expressed  by  analyst  in  grains  fMT  gallon  and  hypothetical  coinliinations;  nvoniputed  to  ionic 
form  and  parts  per  million  at  United  States  (icologioal  Survey, 
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PIKE   COUNTY. 

LOUISIANA. 


A  well,  now  called  the  "Thespian  Spring/'  is  located  in  the  smaD 
valley  of  Town  Branch,  comer  of  Fifth  and  Kentucky  streets,  in  the 
town  of  Louisiana.  Owner,  C.  W.  Crudson;  depth,  1,275  feet;  alti- 
tude, 470  feet;  date  of  completion,  1887;  casing,  6-inch,  to  910  feel; 
temperature  of  water,  63.5''  F.;**  of  air,  92°  F.;  cost,  $3,000. 

The  water  is  strongly  saline  and  charged  with  sulphureted  hydro- 
gen. It  is  clear,  sparking,  and  bubbling  with  gas,  and  has  corroded 
the  rock  basin  into  which  it  empties.  The  water  comes  up  with  con- 
siderable force,  having  a  head,  probably,  of  about  8  feet.  It  is  stated 
that  when  the  well  was  first  opened  it  threw  a  jet  40  feet  high.  The 
flow  is  said  to  be  stronger  after  a  wet  period  and  weaker  in  dry  weather. 
A  sanitarium,  with  bottling  facilities,  has  been  established  near  the 
well,  and  the  water  was  once  bottled  and  shipped  to  St.  Louis.  It 
is  now  used  for  bathing  and,  to  a  limited  extent,  for  drinking. 

Schweitzer '^  gives  the  following  meager  log,  which  he  obtained  from 
William  H.Suda: 

Log  of  Thespian  Spring,  Louisiana,  Pike  County. 


Thickness. 

Feet. 
90 
560 

lao 

30 

10 

70 

305 

ivpth. 

Loosp  soli 

Feet. 

90 

Sandstone 

6r^ 

Limestone 

770 

Sandstone .  . . 

m 

Undetermined 

S]0 

Sandstone 

^ 

Undetennlned .          

1.275 

This  record  is  so  manifestly  incorrect  that  no  satisfactory  correla- 
tions can  be  made.  It  was  stated  that  the  first  flow  of  water  wa.^ 
struck  at  600  feet,  in  sandstone.  Prof.  R.  R.  Rowley  gives  the  fol- 
lowing geologic  data:  *^At  I^ouisiana  the  Hudson  River  limestone  is 
40  feet  thick,  and  under  that  is  100  feet  of  Trenton  limestone.  The 
St.  Peter  sandstone  would  probably  be  reached  at  about  600  feet. " 

a  This  temperature  was  obtained  July  15, 19a3.  Schweitzer,  In  his  report  on  Mineral  waters  of  Mis- 
souri (Missouri  Geol.  Survey,  vol.  3,  1892),  gives  a  temperature  of  62.2®  F.,  with  air  temperature  74' 
F.,  probably  taken  in  1892. 

b  Missouri  Geol.  Survey,  vol.  3,  1892,  p.  94. 


9, 459. 5 
HjS 478 


PIKE    AND   RATJJS    COUNTIES.  53 

The  following  analysis,  date  and  name  of  chemist  unknown,  is 
given  on  the  circular  published  by  the  owners  of  the  well : 

Analysis  of  water  from  Thespian  Spring,  Louisiana,  Pike  County,  « 

Parts  per  million.  ;  Parts  per  million. 

Silica(SiOj) 0.4  ^  Chlorine  (CI) 4,774 

Calcium  (Ca) 410         Bromine  (Br) 34 

Magnesium  (Mg) 200 

Sodium  (Na) 2,796 

PotasBium(K) 17      ^  ^^ 

Litliium(Li) 3.1     ^^^ ^^ 

Bicarbonate  radirle  (HCO3) 345                                                                  10  742.5 

Sulphate  radicle  (SO4) 879      I 

Schweitzer''  gives  the  following  analysis: 

Analysis  of  water  of  Thespian  Spring,  Louisiana,  Pike  County,^ 

Parts  per  million.  :  Parts  per  million. 

Silica  (SiOj) 4.9]  Bicarlx)nate  radicle  (HCO,) 186 

Calcium  (Ca) 420  Sulphate  radicle  (SO4) 1, 051 

Magnesium  (Mg) 165      I  Chlorine  (CI) 4.  677 

Sodium(Na) 2,775  

Pota88ium(K) 63      I  9,341.9 

RALLS    COUNTY. 

RENSSELAER. 

Mr.  J.  M.  Johnson,  of  Rensselaer,  gives  the  record  of  a  stock  well 
270  feet  deep,  situated  on  his  farm  1  §  miles  from  Rensselaer  station 
in  Ralls  County.  lie  also  sent  samples  of  drillings  to  accompany 
the  log,  which  follows : 

Log  of  Johnson  well,  Rensselaer,  Ralls  County. 

I  Thickness.  I    Depth. 

I        Feet.       I      Feet. 

1.  Pleistocene I  28  28 

2.  LimeBtone  and  shale 172  200 

3.  Brown  shale GO  t  2fi0 

4.  Limestone  and  fresh  water ' I 

5.  Soft  white  sandstone 10  270 


Of  these  samples,  No.  2  corresponds  with  Swallow's  Onondaga 
limestone.  No.  5  is,  without  doubt,  t'lo  St.  Peter  sandstone;  it  is 
made  up  of  incoherent,  fine,  rounded,  polished,  and  waterwom  grains 
of  limpid  quartz.  Occasional  specks  of  marcasite  (iron  pyrites)  were 
found,  which  might  possibly  account  for  the  sulp^iureted  hydrogen 
and  sulphates  that  abound  in  the  waters  of  this  region. 

«  Expressed  by  analyst  in  grains  per  gallon  and  hypothetical  combinations;  recomputed  to  Ionic 
form  and  parts  per  million  at  United  States  (ieological  Survey. 
*  Op.  cit.,  p.  96. 
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nVAtm'nc*, 

Abc»ut  5  milp/4  Houtli  of  Rciissvhif^r  HUtitm,  on  the  Mi^c^uri 
ami  Tt^xtts  Hn ilwny,  tn  sec\  25,  T.  m,  Rji  WV,  at  tlie  iiMist-otrir4M>fS[«li 
iiii^^  U  A  very  intcreslinj?  wrll,  (^wni^d  by  li.  M.  SpauUling,     DejTlhB 
ff»et;  altiUidr  at  welJ  mouth,  abtmt  59(J  fc*-!  alnive  lidc;  tempmtHR 
nf  water,  57^^  F.;  of  air,  SO""  K.  ;*fiow,  4(KJ  |:aIIoiis  jx^r  hour:  tUt^J 
conipletinn,  nb<mt  1S23;  drillers,  Ilaj^^r  &  Muldrow;  cIrilliHl  In  huJ. 
Thi«  well  i^  on  an  uUI  Kn^nch  grant  known  as  the  Bonvat  liek.  S# 
«?ral  snil  ^prin^  are  sittmtod  a  few  Imndreil  ftn^t  to  the  north 
tinie  after   1S2K   prolmhly   alnnit    IK23,  tlie  vStale  enga|(*J  MaW 
Ha^er  ic  Mtihlrow^  to  gink  the  welL     Stneral  \ eiiiis  of  wat«r,  mmt\ 
and  Honie  .^nh ,  were  ntnick.     The  hnit  ^tronj:  flow  was  obtabioilil 
fi*et  in  3oh  sandstone,  whirh  wits  (u'lit't rat ih I  tn  a  depth  tif  -^fcil 
Various  attoinptrt  were  mad^  to  case  tins  well  with  wouden  tubi]!g.ti 
the  pressure^  was  (oo  strong,  and  with  the  exception  of  a  woodcQ 
paKs^^l  llinmj^di  the  soil  anil  lirinly  anehore<l  to  nick  no  ca^in^wii^ 
in.     ThtJ*  source  of  the  \"vftter  waj*  the  St.  l*eter  sandstone.    SWif 
obs45n'od    the   pre^j^ure   has  aKvays   remained    the   nanie.     S^lt  i 
obtaintMl  froiry  tln^  well  aitd  tht>  ailjoining  springs  for  riianj  retK 
Tlie  water  i»  very*  stningly  saline  and  is  rhargetl  with  sulpliurviJ 
hydrogt^ii,  so  that  white  precipitate  forms  about  the  iKMirdKanii  (ii(* 
eon  nee  ted  with  the  wdh     This  ]»laee  has  Uav^  Wen  a  stininirr  m>y?t. 

Nil  rerurd   was  krpl   nt'  the  ^^t^itln^nc  horii^ons  ptissed  llm'Ui:h  Ivi^ 
\\\i*n*  i>  im  diPidit  nf  \\\v  UnX  thnl  I  fit'  MHii'cr  of  sTrjiply  i^  tlieSi  IW 
saini-li>Jto,     Ttti'  sinihi  in  the  vicillit^  df  the  \\\A\  iho^jyiiMa  di-mrlr 
Xnrtli  nf  thi*  wiM  itn'  vnvk>  dip  M'  S\\\.  \\h\i  i\  ^wikr  *il"  N    ^u  W    ] 
ihe  rinin  ns\  nrd  In   Mr,  SpantilinLr  s  ?.urL  uhoiit  :i  iiiili-  mhiI  Ih^^iM  if  i 
\Vi»IL  llii*  sirsilsi  air  MUJih  uiurr  dislurhril,      Thr  M,   I'r-trr  ^:iiMi"' 
T^tntnl-  u  ith  upiurnctl  t'd:jr(*^  inid  is  uverlain  by  Irdiri-^  nf  doarftiMM. 
>1itnc       All  anricline  liinin^^u  nort  Inu^^trrly  Irettd  pa^>('- tlmmj*' 

p-triinn  of  till' ntry  nrid  the  aJtesliuj  well  is  sjimiled  mi  ji^hiuH'^ 

sjii[?r*     ( i(*Mlo*iii  idl\    llli^  is  a   I'i'u^ioii  cif  ^^^real    interest       Tlm^^'JH' 
Ui»r'tliwi^st  oC  SpalltinL^  in  ihr  vnnA  ra^nr  theTunipkiu*^  s  plairjli'  ' 
dtp^stmn^lv  111  rhr  uurlhrast      Tln^  \<  [jruhnbls   near  i}w  tisr^ 
;inl  irline  jli.-.|    uhmiI  uiru'd. 

1"lu-    fti||n\unu    niady-i-.   nT   \\\\<   \\ii\fV  i-   Uikvu    ['r^^m  >if,vMii.. 
re[)iirl   '' 

Aittiiit-,yf.>  ''('  itiHt^  htftit  *tii{  iit  SpithUun    Uttli*'  *  ^fiit't't  ' 

•  *!^| In^iii  v,"'\*' 

Still  M    ^i<^*  *«,  >  ItaiirhnHiUi*  r.Hht  1r    \U  \k 

t  ;ili  oiiH    ^A  iiM  Sulplmi    rmhi  if  i>U4  ^' 

Mat'inxniHi    Vi*  J(.;  i  liiinthMih  *  *'♦ 

(^fcla-'iUHi  1  K  T.*i  ^^  ' 

J,^|jffv-  I  !i.v  .iii^ihM  mifhNn-  jn »  ^^l1l'.Hl,  tn  HtfifJiiir'jil  Itt  lohii  liiinn  nUi\  piirf^pi  rujMH  •^"* 
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NORTH-CBNTRAL  DISTRICT. 
GENERAL   ARTESIAN   CONDITIONS. 

The  north-central  district  includes  the  portion  of  Missouri  north  and 
northwest  of  the  Atchison,  Topeka  and  Santa  Fe  Railway,  which 
crosses  the  State  in  a  northeast-southwest  direction,  from  Des  Moines 
River  to  Kansas  City.  The  wells  in  this  district  obtain  water  from 
the  Des  Moines  group,  the  basal  formation  of  which  is  usually  a  porous 
sandstone.  The  waters  have  their  head  on  the  western  slope  of  the 
great  divide  which  runs  in  a  north-south  direction  through  the  north- 
em  part  of  the  State  and  which  is  probably  the  northeastern  extension 
of  the  Ozark  dome.  The  water  is  generally  strongly  saline  and  often 
chalybeate,  but  it  is  considered  excellent  for  the  use  of  stock,  though 
it  is  not  generally  desirable  for  drinking.  There  is  sufficient  pressure 
to  bring  the  water  to  the  surface  where  the  surface  elevation  does  not 
exceed  730  feet.  Very  few  wells  have  reached  the  St.  Peter  sandstone. 
Those  that  have  been  drilled  to  this  formation  have  a  surface  eleva- 
tion too  high  to  admit  of  flow. 

The  general  dip  is  to  the  northwest  toward  the  St.  Joseph  trough, 
but  this  dip  is  not  uniform.  Near  Utica,  Livingston  County;  James- 
port,  Daviess  County;  and  Bethany,  Harrison  Coimty,  are  anticlinal 
folds  and  faultings.  The  average  dip  is  from  10  to  15  feet  to  the  mile. 
The  land  rises  regularly  in  this  direction,  so  that  the  Des  Moines  group 
is  deeply  buried.  The  flowing  wells  are  found  in  this  district  at  or 
near  the  following  places:  CarroUton,  Carroll  Coimty;  Utica,  Living- 
ston County;  Gallatin,  Daviess  County;  Bethany,  Harrison  County; 
and  in  Mercer  Coimty,  near  Lineville,  Iowa. 

ADAIR   COUNTY. 

KIRK8V1LLE. 

At  Kirksville  is  a  well  that  was  sunk  for  the  purpose  of  obtaining  a 
city  supply.  The  writer  is  indebted  to  Hon.  Thomas  J.  Dockery  for 
the  following  log  of  this  well : 

Log  of  deep  well  at  Kirksville,  Adair  County. 

I  Thickness.  I  Depth. 


Ft.  in.  I      Ft.  in. 
170    0  I        170    0 


Pleistocene  (170 feet): 

Clay 

Des  Moines  (280  feet): 

Limestone 

Coal 

Clay  shale |  30  0 

Sandstone I  22  0 

Shale !  15  0 

Hard  limestone I  2  0 

Shale,  about 20  0 

Ck)al 1  6 

Shale 30  0 

ShcUy  brolcen  limestone 20  0  .       318    7 

Soft,  mushy,  blue  clay '  20  0  i       338    7 

Limestone i  16  0  i       353    7 

Coal 2  0,       355    7 

Shale 50  0  !       405    7 

Fine  white  sandstone 45  0  ,       460    7 

Mississippian  (840+  feet) :  I 

SoUdlimestone '  700  ol    1,160    7 

FHnt,  very  hard  limestone,  and  sandstone 140  0      1,290    7 

IBB  196—07 6  -_  *■ 


178  0 

178  1 

208  1 

230  1 

245  1 

247  1 

267  1 

268  7 
298  7 


)6 
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As  Kirks vUle  is  situated  on  the  crest  of  the  dividing  ridgi?  hum 
vliguioim  and  Mississippi  rivers,  at  an  altitude  of  075  feot,  tbr?  ni 
lo  possibility  of  obtaining  flowing  water.  Wat4*r  wa§  slmck  st  t 
lepth  of  1,150  feet  and  rose  within  240  feet  of  the  surface.  Uiu 
lighly  impregnated  with  sulphnr  and  iron. 


b» 


CAJLJXWBLL   COUNTY. 


nttAYMKU. 


The  following  record  of  a  well  on  tlie  fa  nil  of  Dan  Brayuier  %u 
nrnished  by  Mr,  R.  Hawkins,  of  Chillicothe.  The  surface  ekvitiii 
a  the  well  is  about  765  feet. 


f^P            ^  ofumll  of  f^mi  Btu;^tur.  W4ir  Braymfr,  Catdw^  Cbui*^. 
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CARROLL   COUNTY. 


CARROLLTON. 


One-half  mile  northeast  of  the  city  of  Carrollton,  on  the  west  bank 
of  Brush  Creek,  is  a  well  owned  by  Hugh  K.  Rea."  Altitude,  about 
660  feet  above  tide  (about  70  feet  lower  than  the  Carrollton  pubHc 
square);  depth,  241  feet;  flow,  feeble;  date  of  completion,  1890; 
driller,  J.  C.  Ferrie,  of  the  Mallory  Diamond  Drill  Company,  Chariton, 
Iowa;  surface  formation,  Des  Moines;  cost  of  well,  $900. 

The  distance  to  the  principal  source  of  water  in  the  basal  sandstone 
of  the  Cherokee  shales  is  200  feet.  The  last  7  feet  are  in  the  chert 
of  the  Mississippian.  The  flow  is  estimated  to  be  about  a  gallon  in 
three  minutes  and  is  uniform,  having  neither  increased  nor  decreased. 

Another  well,  similar  in  character,  was  sunk  about  1,200  feet  south- 
west of  the  above.  The  following  log  was  preserved  by  Mr.  Wil- 
cockson : 

lA)g  of  well  at  Cctrrollton^  Carroll  County. 


PMstocene  (25  feet ) 

Des  Moinee  (234  'eet) : 

Grmy  shale 

Dark  shale 

Limestone 

Gray  shale 

Limeatone 

Dark  shale 

Limestone 

Dark  grajr  shale 

Sandstone 

Shale,  with  12  inches  slaty  coal 

Shale 

Sandstone 

Shale 

Sandstone 

Shale 

White,  soft  sandstone;  water  rose  to  surface. 

Dark  shale 

Red  sandstone 

Dark  shale 

Coal 

Dark  shale 

isippian  (7  feet) : 

aitichert 


Thickness.  I  Depth. 


Ft.  in. 
25    0 


Han 


13 
U 

1 

3 

1 

5 

1 

6 

3 
21 
30 

4 
17 

3 

47    0 
20    0 


7    0 


Ft.  in. 
25    0 


66  0 

69  0 

90  0 

120  0 

124  0 

141  0 

144  0 

191  0 

211  0 

216  0 

222  0 

232  0 

232  5 

234  0 

241  0 


A  flow  of  saline  water  was  struck  between  200  and  210  feet.  The 
water  has  no  odor,  but  the  contained  gas  will  blow  a  cork  from  a 
bottle  of  it  in  a  few  minutes.  This  water  is  used  for  drinking  pur- 
poses and  for  stock.  It  is  slightly  laxative.  No  analysis  has  been 
made. 


•  The  writer  is  indebted  to  Mr.  J.  M.  WUcockson,  of  (Carrollton,  for  data  concerning  this  well. 
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TINA. 


A  prospect  hole  for  oil,  drilled  on  the  farm  of  C.  W.  Nuss,  at  Tina, 
at  an  elevation  of  about  706  feet,  gave  the  following  record,  which 
was  furnished  by  Mr.  R.  Hawkins,  of  Chillicothe: 

Lctg  of  prospect  hole  at  THna,  Carroll  County. 


Pleistooene  (40  feet) : 

CUT  and  sand 

Des  Molnee  (345  feet): 

Flint 

Coal 

Shales 

Limestone 

Coal 

Shales 

Sand  rock 

Black  slate 

Mississippian  (290  feet) : 

Brown  limestone. 


Flint  (probably  cherty  limestone) . 
••Slate^' 


Gravel. 

Flint,  "hog chawed " .' 

** Slate "  and  black  limestone 

G  ravel  and  sand,  with  water 

Very  hard,  flinty  limestone,  interstratlfled  with  other  beds;  water  from 
bottom  slightly  alkaline 


Thickness. 

Depa 

FeH. 

Fed, 

40 

40 

4 

44 
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4S 

» 

68 

5 

73 

2 

75 

215 

2» 

40 

OS 

55 

3s:^ 

40 

42S 

65 

53) 

5 

.^ 

2 

557 

40 

5«T 

75 

642 

5 

647 

CLAY  iCOUNTY. 
EXCELSIOR  SPRINGS. 


Near  the  town  of  Excelsior  Springs,  in  the  northeast  comer  of  Clay 
County,  about  30  miles  northeast  of  Kansas  City,  are  two  deep  drilled 
wells — the  sulphosaline,  1,460  feet  deep,  and  the  salt-sulphur,  1,370 
feet  deep.  It  is  unfortunate  that  no  record  of  these  wells  has  been 
preserved.  The  waters  are  in  all  probability  mainly  derived  from 
the  Jefferson  City  limestone  and  the  base  of  the  Pennsylvanian.  The 
information  regarding  these  wells  was  furnished  by  Mr.  C.  W.  Fisb, 
general  manager  of  the  Excelsior.  Springs  Company. 

The  sulphosaline  well  is  located  about  1  mile  north  of  the  town  of 
Excelsior  Springs  in  a  narrow  valley  on  the  west  bank  of  Fishing 
River;  owner,  Excelsior  Springs  Mineral  Water  Company;  depth, 
1,460  feet;  altitude  above  tide,  about  925  feet;  diameter  of  casing,  34 
inches;  temperature  of  water,  67°  F.;  of  air,  84°  F.;  date  of  comple- 
tion, 1888;  cost,  $1,200;  surface  formation,  upper  part  of  Des  Moines. 
The  water  stands  within  150  feet  of  the  top  of  this  well  and  is  pumped 
by  a  Eurekp,  pump  run  by  a  10-horsepower  engine.  It  is  very  corro- 
sive, and  ordinary  pipes  last  only  about  three  years;  galvanized  pip^ 
last  ten  years.  The  water  is  clear  and  sparkling,  with  a  saline  taste 
and  a  slight  odor  of  sulphur.  It  contains  a  small  amount  .of  carbon 
dioxide  gas. 
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The  salt-sulphur  well  was  sunk  by  W.  S.  Pryor,  of  'Kansas  City. 
The  water  is  pump>ed  to  the  Music  Hall  bath  house,  which  has  a  swim- 
ming pool  60  by  32  feet.  The  owners  are  E.  L.  and  E.  I.  Morse; 
depth,  1,327  feet;  altitude,  about  925  feet;  cased  to  bottom;  date  of 
completion,  1899;  water  stands  within  60  feet  of  smface;  surface  for- 
mation, upper  part  of  Dies  Moines. 

The  following  analyses  of  water  from  these  two  wells  are  given  in 
Schweitzer's  report:* 

Ancdysis  of  water  from  tidphosaUne  toeU,  Excelsior  Springs  y  Clay  CkmtUy,l> 


Parts  per  million. 

SUicaCSiOa) 10 

Iron  (Fe) .7 

Aluminum  (Al) 21 

Calcium  (Ca) 239 

Magnesium  (Mg) 98 

Sodium  (Na) 2, 610 

Potassium  (K) 42 


Parts  per  million. 

Bicarbonate  radicle  (HCO,) 234 

Sulphate  radicle  (SO^) 1, 126 

Chlorine  (01) 3, 808 


8,189 
Residue  on  ignition 8, 093 


Analysis  of  water  from  salt-sulphur  welly  Excelsior  Springs  y  Clay  County. 
(Analyst,  E.  H.  8.  BaUey.) 


Parts  per  million. 

Silica  (SiO^) 11 

Iron  (Fe) 4. 7 

Calcium  (Ca) 210 

Magnesium  (Mg) 109 

Sodium  (Na) 4, 392 

Potassium  (K) 11 

Carbonate  radicle  (( -Oj) 69 

Bicarbonate  radicle  (HCO,) ...  675 

Temperature  of  water,  64.4®  F. 


Part8  per  million. 

Sulphate  radicle  (SO^) 396 

Chlorine  (CI) * 6, 684 

Bromine  (Br) 14 

Iodine  (I) 12 

Sulphur  (S) 1.9 

12,590 


In  connection  with  these  wells  it  may  not  be  out  of  place  to  refer 
briefly  to  the  neighboring  mineral  springs,  which,  together  with  the 
wells,  constitute  the  most  popular  health  resort  in  the  State.  Of  these 
springs  the  best  are  the  Regent  and  Siloam  springs,  both  ferromanga- 
n^e  waters,  derived  from  the  Peimsylvanian.  In  the  Regent  the 
manganese  bicarbonate  (16.8  parts  per  million)  aids  in  the  assimila- 
tion in  the  human  system  of  the  high  percentage  of  ferrous  bicar- 
bonate (58.8  parts  per  million).  The  sulphosaline  watery  of  the 
driUed  wells  counteract  the  astringent  properties  of  the  ferromanga- 
nese  waters  of  the  springs,  and  the  two  furnish  a  fortunate  combina- 
tion. 


aMissouri  Qeol.  Survey,  voL  3, 1802,  p.  99. 

ft  Expressed  by  analyst  ingrains  per  gallon;  recomputed  to  ionic  form  and  parts  per  million  at  United 
States  Geological  Survey. 
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UNDEHGBOUND   WATEfiS   OF    MH^OirBL 


KRAHnnr. 


Tlh*   fi>lK>wing  is  a  log  of  a  well   drilled   by  A.  W. 
Kt*unit*y: 

Log  of  uxtl,  S  miks  w. w*  oj  Katmqf,  Claif  CoutU§^ 
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N* 


LimpKttm* 

ShaJi!!.  muddy  ^ 
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Ithaifl. 

Shifo..., 
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FliJiiy  llmMiDoe,  d&rk. 


fJray  Unm&taim*^^ . *^^,-.. -.*,**.*,. Ji*^.^*4* 

nijK'lcistiale...  „„........, .—..—_..-_,*. 

Gr»y  tandftlanei. «,«.,„. , *,*,,.,,•»----«• 


LllIl«#tl)Dfi.. . , ,  _,*,^,, 

flliftJ».., ,,. ;.„ 

^andy  dhftie.  ..,„.,.,,..„ 

.SAIidsloni*. ,,, 

Tnin  iHHd  >H'Htt\ 

Shale.* 

I.inu'stonc  iiiid  coal.  L'omi . 

l.illM-stollc _ 

Saiiilstoii.' ..    .  . 

^''^^ir 

Saii(l>1<)iic 

Shalf 

("(•arsr  w  liilr  sali.lstolir.  .  . 

Hliir  shall- 

SalKlslolic. 

Oil  saiKlstdiK- 

niack  •slal.  ■• 

SaiKlsloii.';   tract's  .-I  <.ii      . 

Salt  san.|sf..nc_ 

iTlack  rut  ten  shale 

Mississipjiiaii  limestone .  . 


MtAr 


DWIKSS    COUNTY. 


Sovon  milos  oast  (^f  Gallatin,  near  the  head  of  a  small  draw. ^ 
on  \\w  farm  of  W.  C.  Macy.  Deptli,  22  foot;  altitude  al>o^ 
ahoiit  7\)A  feel  ;  easiiijj:,  I  ', -iiieli,  22  fec^t ;  temperature  of  wntt^r. 
of  air,  S2°  F. :  (low,  feehle;  dale  of  completion,  lS<)o:  l)on^»l  ^  ^. 
hands;  cost  of  well,  82.').  This  well  ])assed  tlirough  the  clayau*^ 
stone  of  tlie  \)('s  Moiiuvs  <j:i"on]).  It  may  he  a  drift  well.  Oii^^' 
the  sandstone  walfM*  was  struck,  whicli  rose  S  feet  ahove  tlK"^" 
The  flow  is  uniform.  TIh^  water  is  (dear  and  hard  and  b  ^^ 
watering  stock.      No  analysis  has  been  made. 


NORTH-CENTBAL   DISTRICT. 
HARRISON   COUNTY. 
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BBTHANY. 


About  1  mile  west  of  Bethany,  in  sec.  16,  T.  63,  R.  28,  on  the  east 
bank  of  Big  Creek,  is  a  well  owned  by  the  Bethany  Improvement 
Company.  Depth,  654  feet;  altitude  above  tide,  about  916  feet;  cas- 
ing, 3-inch,  45  feet  to  rock;  flow,  5  4-  gallons  per  minute;  date  of  com- 
pletion, 1885;  surface  formation,  Missouri  group.  The  water  is  used 
by  the  Heilbron  Sanitarium.  It  is  said  to  be  especially  valuable  in 
rheumatism.  It  is  clear  and  bubbles  with  carbon  dioxide.  The  log 
of  the  well  is  as  follows: 

Log  o/deepjamng  well  at  Bethany,  Harrison  County. 


Plei8toceiie(45feet): 

Earth  and  clay 

MiaKHiri  (53  feet) : 

Hard  gray  limestone 

Dark'^aUte" 

limestone 

Dark  "slate" 

Gray  limestone 

"Marais  des  Cygnes"  shale  (Pleasanton)  (166  feet) 

Sand  shale 

Limestone 

"Soapstone" 

Band  aiiale 

Slaty  shale 

Black  slate 

Coal 

Gray  "slate" 

Henrietta  limestone  (149  feet) : 

Limestone  (coal  4  Inches) 

Dark  my  "slate" 

Limestone 

"Slate" 

Fire  clay 

Limestone 

"Slate"  (coal  1  inch) 

"SUte" 

Coal 

"Slate" 

Cherokee  shales  (251  feet) : 

Sand  shale ^ 

"Slate" 

Sand  shale 

Black  "slate" 

Blue  clay 

Gray  "slate" 

Sand  shale 

"SUte"  (mixed) 

Dark  sandstone. 

Black  "slate"  (coal  7  inches) 

Clay 

"Slate"  (mixed) 

Sand  shale 

Bowlder 

Sand  shale 


Thickness. 

Depth. 

Feet. 

Feet. 

45 

11 

56 

8 

64 

.12 

76 

5 

81 

17 

98 

81 

179 

5 

184 

4 

188 

32 

220 

18 

238 

1 

239 

I 

240 

14 

254 

3 

257 

19 

276 

5 

281 

4 

285 

10 

295 

16 

311 

30 

341 

20 

370 

1 

371 

32 

403 

11 

414 

27 

441 

9 

450 

11 

461 

3 

464 

3 

467 

3 

470 

64 

534 

2 

536 

16 

552 

2 

554 

20 

574 

62 

636 

8 

644 

10 

654 

It  is  very  probable  that  the  Mississippian  would  have  been  reached 
had  the  drilling  been  continued  50  or  60  feet  farther.  The  first  flow 
of  water  was  struck  at  200  feet,  and  it  Was  continuous.  The  last  and 
strongest  flow  was  reached  at  the  bottom  of  the  well  No  analysis  of 
this  water  has  been  made. 
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HOLT   COUNTY. 
FOREST  cmr. 


Near  Forest  City,  Holt  County,  is  a  deep  diamond-drill  prospecting 
well,  made  in  1901.  The  core  is  preserved  at  the  office  of  the  State 
geological  survey,  at  Rolla,  Mo. 

Log  of  prospecting  well  near  Forest  OUy,  Holt  Cminty. 


pleistocene  (66  feet) : 

Sandy  clav 

Missouri  (866 feet): 

Clay  and  bowlders 

Clay  shale , 

Blue  shale 

Limestone. .  .\ , 

Fossiliferous  limestone 

Blue  shale 

Limestone , 

Blue  shale 

Limestone , 

Limestone 

Blue  shale 

Blue  limestone , 

Clay  shal? 

Blue  shale , 

Limestone , 

Bark  blue  shale 

Limestone , 

>Blue  shale 

Limestone , 

Sand  shale 

Limestone 

Blue  shale 

Sandstone,  shale  partings 

Blue  sand  shale 

Dark  blue  shale 

Clay  shale , 

Blue  shale 

Limestone 

Black  shale 

Limestone 

Shale 

Limestone 

Black  shale , 

Limestone 

Sand  shale ^ 

Sandstone 

Blue  shale 

Limest  one 

Dark  shale 

Limestone 

Sandy  shale 

Dark  shale,  mixed  with  limestone. 

Limestone 

Blue  shale 

Black  "slate" 

Blue  shale 

Limestone-conglomerate 

Blue  shale 

Limestone 

Conglomerate 

Dark  shale 

Limestone 

Black  shale  and  limestone 

Limestone-conglomerate 

Bastard  limestone  and  shale 

Blue  shale 

Clay 

Limestone 

Shale 

Limestone 

Dark  shale 

Limestone  and  shale 

Black  shale 

Shftle  and  limestone 

StflLle  and  limestone 


ckness.     Depth. 

FLin. 

Ft. 

in. 

65 

0 

66 

0 

10 

0 

75 

0 

15 

0 

90 
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94 
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99 
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1 

5 

101 

0 

3 

6 

104 

6 

U 

0 

115 

b 
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0 

119 

6 

3 

6 

123 

0 

2 

6 

125 

6 

16 

6 

142 

0 

4 

3 

146 

3 

3 

9 

150 

0 

10 

0 

160 

0 

30 

0 

190 

0 

3 

0 

193 

0 

2 

6 

195 

6 

12 

6 

208 

0 

8 

0 

216 

0 

17 

0 

233 

0 

4 

8 

237 

s 

12 

8 
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4 

54 

8 

306 

0 

16 

0 
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0 

14 

0 
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0 

33 

0 

3Sg 

0 

50 

0 

418 

0 

27 

0 
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0 

9 

0 
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0 

2 

0 
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0 

12 

0 
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0 

20 

0 
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0 

2 

0 
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10 

6 
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2 

0 
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6 

3 

0 
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6 

3 

0 
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6 

4 

6 
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7 
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0 

3 
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1 

9 
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5 
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12 
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0 
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6 

578 
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4 
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6 

3 

6 

sm 

0 

9 

6 
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6 

1 

0 
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6 

7 
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6 

3 

0 
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6 

13 

10 

620 

4 

7 

10 

638 

2 

4 

3 

633 

5 

2 

1 

€34 
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34 
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6 
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10 
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606 
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2 
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2 
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5 
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7 
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4 
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5 
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Log  cf  proipecting  well  war  Fcfrut  CUy,  HoU  CotnUy— Continued. 


Missouri— Cootlnued. 

Limestone 

Darkahale 

SaDdahal« 

Darkahale 

CoaI,  poor 

Clay  to  (Urk  ihale 

LUnestooe 

(Iron  pyritss  737  feet  0  Inches  to  740  feet.) 

Sftndstooe 

CUy  shsle 

Sftndstone  and  a  little  shsle 

Sandstone  and  ihale 

Dark  shale 

LImestooe 

Dark  shale 

Limestone 

Clay,  shale,  and  a  little  limestone 

Limestone 

Dark  shale 

Clay  shale 

Clay  shale  and  fragments 

Limestone 

Limestone  and  black  ahale 

Black  shale 

Sandy  shale 

Clay  shale,  broken  and  soft 

Limestone 

Shale 

Sandstone,  fossiliferous 

Sand  and  shale 

ffliaie. 


Thicknees. 


Blue  fossUlf^rotis  limestone 

Blue  shale  with  »4nch  vertical  seam  (eilica) . 

Coal,  fair  quality 

Sandstone , 

Shale 

Limestone 

Shale 

Clay  shale  and  lime 

Llm^^ne 

Bhw  shale,  last  foot  fossiliferous 

Limestone,  last  0  inches  fossiliferous 

Blue  shale,  with  a  little  sandstone , 

Des  Moines  (600 feet): 

Blue  limestone , 

Black  shale,  with  a  little  thin  sandstone 

Clay  shale,  broken , 

Alternating  sandstone  and  sluUe 

Sand  shale,  broken , 

Blue  shale , 

Fossiliferous  sandstone 

Coal,  poor , 

Blue  shale , 

Scuuly  shale , 

Coal,  poor 

Clay  wale , 

Sandstone 

Dark  shale 

Carbonaceous  shale , 

Clay  shale , 

Blue  shale,  a  few  lime  nodules , 

Shale 

Limestone , 

Black  slate 

Coal,  fair  quality 

Clay  shale 

Blue  limestone 

Sandstone , 

Sand  shale 

Black  shale 

Coal,  poor 

Sandstone 

Black  shale 


Coal,  poor 

Clay  shale,  soft 

Clay,  with  some  limestone . 
Shale. 


Clay  shale,  with  sandstone  and  limestone 

s  Error  In  origtnal  record:  probably  should  be  37  ft.  6  in. 


Ft.  in. 
13     0 


Depth. 


Ft  in, 

724  8 

725  11 
72»  11 

0^   730  11 

731  5 

734  5 
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3  2 
5  2 
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1  4 
13  11 

2  4 


741  9 

746  11 

761  6 

752  9 

766  8 

700  0 


4 

771 

4 

10 
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2 

10 
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0 

2 

782 

2 

0 
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2 

11 
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1 

6 

791 

7 

10 

796 

5 

2 
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7 

10 

799 

6 

0 

806 

5 

a  4 

9 

843 

11 

5 

849 

4 

16 

11 

866 

3 

2 

871 

6 

10 

0 

881 

6 

4 

883 

4 

6 

886 

10 

6 

889 

4 

4 

889 

8 

6 

896 

2 

3 

899 

6 

11 

908 

4 

4 

916 

8 

0 

919 

8 

9 

922 

6 

906 

6 

6 

928 

11 

3 

930 

2 

8 

930 

10 

3 

934 

1 

9 

936 

10 

14 

2 

951 

0 

10 

960 

10 

23 

6 

984 

4 

10 

986 

2 

4 

966 

6 

4 

992 

6 

9 

994 

7 

2 

995 

9 

4 

997 

1 

0 

1,002 

1 

11 

1,011 

0 

5 

1,011 

6 

0 

1,015 

5 

9 

1,021 

2 

15 

1 

1,036 

3 

9 

1,037 

0 

8 

1,038 

8 

3 

1.039 

11 

1 

1,043 

0 

0 

1.045 

0 

10 

1.048 

10 

6 

1.054 

3 

8 

1.057 

U 

0 

1.058 

11 

4 

1.063 

3 

0 

1,070 

3 

9 

1.071 

0 

9 

1.073 

9 

6 

1,078 

3 

2 

1.084 

5 

9 

1,086 

2 

64  UNDERGROUND   WATERS  OF   MISSOURI. 

hog  cf  prospecting  well  near  Forest  City^  HoU  Countf — Continued. 


Des  Moines— Continued. 

Sandstone,  hard,  fine-gndned 

Soft,  darlc  sftiale 

Sandstone,  shale  partings 

Dark  shale,  with  sandstone  partings 

Shale 

Coal,  poor,  with  iron  pyrites 

Shale 

Sandstone 

Shale 

Dark  shale;  a  Utile  pyrites  at  1.182  feet  4  Inches 

Sandstone 

Dark  shale 

(Block  for  waste  in  drilling  out  last  core) 

Sand  shale 

Shale,  dark  and  slaty 

Shale,  with  limestone  nodules. 

Shale 

Sandstone 

Shale;  Iron  pyrites  from  1,216  to  1,217  feet 

Sandstone,  with  some  limestone 

Soft  shale 

Carbonaceous  shale 

Blue  shale 

Hard,  sandy  shale 

Hard  gray  shale 

Blue  shale 

Coal 

Blue  shale 

Oray  shale,  with  coal  partings;  neariy  4£^  to  axis  of  oore 

Shale 

C^l 

Light  blultih  sandstone 

Blue  shale 

Sandstone 

Coal 

Sandstone 

Blue  sandy  shale 

Dark  shale 

Sandstone,  coarse-grained,  hard 

Dark  shale,  slaty  and  hard 

Sandstone 

Dark  shale 

Coal 

Shale 

Coal 

Soft  clay  shale,  irregular  cleavage 

(Block  for  wasted  core) 

Shale 

Blue  shale,  turning  to  gray  sandstone  in  last  foot 

Sandstone 

Fossiliferous  sandstone 

Sandstone 

Shale 

(Pine  block  for  wasted  core) 

Sandstone,  gray,  medium  to  coarse  grained 

Blue  shale 

*'  Steatite  "  3  inches,  blue  shale  6  inches,  sandy  shale  6  inches 

Blue  shale,  sometimes  sandy 

Black  shale,  similar  to  above 

Dark  shale,  cleavage  up  to  35**  of  core  axis 

Blue  shale 

Coarse  gray  sandstone  with  a  little  limestone 

Clay  shale 

0 ray  sandstone 

Sandstone 

Black  shale;  patches  of  sandstone  at  1,511  feet  4  inches 

Sandstone 

Hard,  sandy  shale 

Coal 

Sandstone,  light,  with  two  steatitic  partings 

Sandy  shales,  with  partings  of  white  sandstone 

Shale  and  sandstone 

Light-blue  shale,  with  thin  streaks  of  white  sandstona 

Sandstone,  light  blue 

Sandstone  and  shale 

Shale 

Light  sandstone,  fine  grained  and  hard 

Blue  shale  with  steatite  «tections  and  partings,  and  some  diagonal  displace- 
ments, with  highly  polished  surfaces... 

Sandstone,  coarse,  irregular,  with  iron  pyrites,  mica  granules,  and  small  fos- 
sil fragments • , 
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2 

0 
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4 

7 
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1 

3 

8 

2 

4 

0 

10 
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8 
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8 

3 

9 
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1 

5 

9 

9 

10 

0 

3 

13 

11 

3 

9 
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10 
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5 

3 
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9 
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1 

3 
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6 

3 

0 

5 

5 

2 

10 
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1 

1 

4 

6 

9 
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0 

6 

0 

2 

3 

9 

6 

5 

11 

3 

0 
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Log  cf  prospteling  well  near  ForeH  City,  Holt  Cowiity — Continued. 


Thickness.     Depth 


Des  Moiim— Continued. 

Blue  shale,  sandy  and  harder  in  Ust  foot 

FossUiferous  sandstone 

FossJUfeiDus  ssndy  shale,  vith  horixontai  iMUtings 

Blue  shale,  with  vegetable  remains:  iron  pyrites  at  1,602  feet  2  inches,  1,6US 
feet9inches,  l,608ftot  1  inch,  and  1,608 feet  10 inches 

Shale  and  sandstone,  with  vegetable  partings 

Fine-grained  sandstone,  parting  freely  into  small,  clear  crystals 

Sandstone  with  a  little  limestone ^ 

Miseiflsippian  (393  feet) : 

Limestone  (marble  T)  with  some  sandstone 

Blue  limestone 

Sandstone  and  limestone 

Limestone 

Limestone  with  many  partings 

Limestone 

Limestone,  with  several  masses  of  quartz  up  to  7  inches  in  diameter 

Ragged  quartz  and  limestone 

Sandy  shale  and  limestone 

Limestone  and  sandstone 

(Block  for  wasted  core) 

Limestone  with  thin  partings 

Bhic  shale  with  horizontal  partings 

Limestone  with  few  partings;  fossils  from  1,738  feet  8  inches  to  1,740  feet 

Hard,  Ught  limestone,  with  fossils  and  quartz  crystals 

Limestone,  with  irregular  partings  at  1,761  feet  and  1,778  feet  6  inches  to  1 ,780 
feet 

Limestone 

Very  hard  quartzite 

Limestone 

Chert 

Sand  y  limestone 

Chert 

Hard  and  sandy  limestone 

Broken  chert  and  limestone 

Limestone,  sandy  and  hard 

FoesUlferous  limestone 

Chert 

Foofliiiferous  limestone 

Chert  endlns  In  quartzite 

Msgnesian  Umesione;  quartz  at  1,806  feet  6  inches 

Limestone,  chert,  and  quartzite,  with  fossils 

(Block  for  wasted  core) 

Sandstone,  light,  with  some  lime 

BiuiA  sandstone,  with  lime 

Sandstone,  bluish,  lime  increasing 

Limestone 

Limestone  with  some  marble  (?) ;  a  few  spots  of  sandstone  and  chert 

Devonian  (128  feet)  : 

Blue  shale  mixed  with  a  little  lime 

Sandy  shale 

Shale,  blue,  green-brown,  and  red,  containing  iron  oxide 

Shale,  with  flroe 

Shale,  fine  grained,  increasing  in  hardness 

Blue  shale 

SUurian  ^+  feet) : 

Fossuiferous  limestone 

Blue  shale 

Limestone 

Limestone,  some  thin  partings 

Limestone,  "half-inch  shale ^ 

Limestone 

White  and  blue  chert 

Limestone 

Coarse  limestone;  cavities  lined  with  quartz  crystals 

Uroestone. 


Dark-gray  limestone,  sandy,  hard 

Limestone;  nuuiy  cavities;  black-shale  partings 

Limestone;  2  inches  of  chert  and  quartz  at  2,^  feet  7  inches 

limestone,  white,  fine  grained 

Limestone:  small  quartz  crystals  In  last  4  feet 

Limestone;  many  cavities,  often  with  small  quartz  crystals;  occasional  i 

spots  of  chert ^ I 

Qpsy  limestone,  chert  increases 

Dark  limestone,  some  chert 

Dark  limestone,  sharp  sand  with  fossils 

Limestone;  solution  cavities  and  fossil  molds  abound 

(No  return  of  water  below  2,350  feet.) 
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LIKN    COUNTY, 

BBOOKFIULD. 

shaft  and  boring  at  Brooktield  gavo  the  folio winpr  section: 
Stciion  qf  thaft  and  baring  ai  Broakfi^ldy.  Linn  Cott$^. 


g^iiHuof)  ^e(po»ll«  (the  rhomboidal  lim«^one  «hmitd  Tuv»  Mkme  fn  fapi«,  17  itsti  bfr» 

tow  the  nurfaco.  IjuI  for  ioirie  reoton  li  w»%.  not  louod)  ..*..,...,*....,.  ..„.,. 

Hunt  rodk,  next  below  No.  42,  »tid  found  In  th?  Ivd  of  tfie  rnsfilc  ncAr  by.,,.,.,. 
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i^riiwii  llri*  dny  iind  ii 

WhffHy.. - .„. .,*.-,... J 

S^Tld  feck  (ioWi*t  roek  At  So^hm  Cmek) 
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"  StliUJdt^MM*  '*.  „...„.-... ..- 
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Co»l. ..„--. „,..,*,.....,_-. 
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"Siiiap>4linu^" 
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ST.    (  ATIIKIIINK. 

A  shaft  and  boring  at  St.  Catliorine  sl^owcd  tiic  follnwiiiL^ -<' 

Stction  (il  shdfl  (1)1(1  horiiK/  (il  S(.  ( '(itlKiuif .  Liini   <'<>iiui[i 


'Ihuk!: 
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liottiMi  ••>lal.'" 

Fliiitv  saiHlstnrir _, 

(•..:il 

Clay 

"  SoapsldiH'  "  . 

Hiinl  limrstiiiit' 

Blur  saixl _    _^  _ 

"  Soapsfdlir  " _  ^       

r..al   (l)oft(.lll  (.f  shaft  I  .     .  

liclow  this  a  l-oniiL'  ua^  ni;,.),.  hikI  p.issc^l  tlinui^'h  tlir  lollcwiriL': 

Firr  clav  .      

Hani,  fVmly  sail. I  n.ck 

■■  S(»a|»sti<Iif  ■■ 

Hlack    ■slat."" . 

Cnal _ 

Kirc  (lav 

■■^"^ip'^to".'' 

Co   I 


"  Tills  ■crlioii  and  tin-  oiir  at   Brookfickl  an'  taken  from  HroadluMd,  (i.  C..    Mi>s<h  ] 
Vol.  1.  ls7j,  J..  'Ku. 
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CHILUCOTHB. 


About  3  miles  from  Chillicothe,  in  sec.  28,  T.  58,  R.  23,  is  a  gas  pros- 
pect hole  whose  mouth  is  at  an  altitude  of  about  825  feet.     The  fol- 
lowing log  has  been  furnished  by  Mr.  R.  Hawkins,  of  Chillicothe: 
hog  of  ga»  prospect  hole  about  S  miles  from  Chillicothe  ^  Livingston  County. 


PleiJtOGene  (56  fet't) : 

Yellow  cUy 

Soft  yellow  sandstone 

Li^t-colored  shales 

Dea  Moines  (425  feet): 

Hard  conglomerate;  cased  from  top,  8}  inch 

Black  "slate" 

Soft  light-colored  gray  shales 

Sandstone,  with  6-incn  coal ! 

Light-colored  shales 

Black  "slate" 

Gray  shales 

Red  and  gieenish-gray  shale;  caved 

Dark  shales  with  barren  coiU  seam ;  cased  from  top,  7i-inch . 

Limestone 

Gray  shales 

Brown  **  smut " 

Drab  and  purple  clays  and  shales,  with  coal  particles 

Soft,  nearlV  white  sandstone,  rounded  grains 

Black  Sana  shales;  saline  water  at  406  +  feet 

Porous  conglomerate;  saline  water 

White,  plastic  fire  clay. 


Thickness.     Depth. 


Sandy  coal  and  fire  clay,  gray  to  purplish. 
•  ~     *•  ~-9leet) 


Keokuk  and  Burlington  (319  feet)  : 

IMiite,  very  hard,  flinty  limestone 

S<rft  white  limestone,  with  flinty  layers  and  a  soft  white  substance  (gypsum  ?) 
not  a  carbonate 

Sandstone,  fire  clay,  "slates,"  and  pebbles;  saline  water 

Soft,  chall^  limestone 

Flint  or  quartzite  sandstone,  shales,  etc 

Black  shales,  very  little  lime 

Soft  sandy  gray  calcareous  rock 

White  and  blue  calcareous  shales  and  flint 

Soft  sandy  gray  calcareous  rock 

Dark  plastic  to  hard  joint  clay,  caved  badly;  cased,  4)  inch,  at  762  feet 

White  limestone 

Dark  "hvdraulic "  Umostone 

PuPB,  soft  white  limestone 

Chouteau  (81  fe^): 

Brownish  mealy  limestone;  saline  water 

Crystalline  limestone 

Dark  impure  limestone;  saline  water 

Hannibal  formation  (101  feet): 

Fine  yellowish-gray  Urae  sand 

Light  to  dark  gray  limestone,  with  some  yellowish  sand 

Gray  to  orange  sandstone,  with  some  lime;  gas 

Devonian  (94  feet): 

Limestone,  with  black  organic  matter 

Limestone,  with  gray  sandstone  at  top 

Fine  brown  lime  sand,  with  pyrite,  etc 

St.  Peter  sandstone  (25  +  feet): 

Hard  qiiartzite 

Pure  white  sand,  with  saline  water;  caved 
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3 
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12 
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6 
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14 
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20 
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9 
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69 
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48 
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4 

766 

13 

779 

21 

800 

846 

854 
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906 
917 
982 

990 
1,065 
1,076 

1,096 
1,101 


In  sec.  2,  T.  25,  R.  56,  in  the  valley  of  a  small  branch  which  empties 
into  Shoal  Creek,  about  5  miles  southwest  of  Utica,  Livingston  County, 
is  a  well  owned  by  G.  H.  Lawson.  Depth,  421  feet;  altitude  above 
tide,  about  660  feet;  casing,  5f  inch;  400  feet  (partially  cased); 
temperature  of  water,  59®  F.;  of  air,  76°  F.;  flow,  weak;  date  of  com- 
pletion, 1807;  driller,  C.  P.  Thomas,  of  West  Bend,  Iowa;  cost  of 
well,  $1,000;  surface  formation,  lower  Pennsylvanian.     The  principal 
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source  of  the  water  is  at  a  depth  of  360  to  370  feet,  in  the  soft  bisd 
sandstone  of  the  Cherokee  shales.  A  nonflowing  vein  of  water  wm 
reached  at  a  depth  of  35  feet.  The  present  flow  is  feeble,  the  waUr 
rising  only  about  10  feet  above  the  surface.  The  well  was  sunk  to 
obtain  water  for  stock,  but  the  flow  was  so  weak — only  about  40  Ur- 
rels  per  day — that  the  owner  put  in  a  Sl,500  pumping  plant.  The 
water  is  saline,  with  a  small  amount  of  hydrogen  sulphide  and  some 
iron,  which  is  precipitated  around  the  well.  No  record  was  kept. 
The  drill,  however,  passed  through  the  Des  Moines  into  the  Mississip- 
pian.  The  following  is  a  copy  of  the  analysis  of  this  water  made  by 
Professor  Schweitzer,  no  date  being  given: 


Analysis  of  water  of  Lawson  well^  near  Utica^  Livingston  CoutUyA 

Parts  per  mUlion. 

Silica  (SiO,) 13 

Iron  (Fe) 10 

Calcium  (Ca) 312 

Magnesium  (Mg) , 136 

Sodium  (Na) 2,728 


ParU  per  minktc. 

Potaeeii^m  (K) 45 

Sulphate  radicle  (SO4) 1,2» 

Chlorine  (a) 4,250 


8.7S3 


This  water,  though  strongly  saline,  is  said  to  be  excellent  for  stock, 
and  is  a  good  example  of  the  waters  that  are  derived  from  the  base  of 
the  Cherokee  shales. 

MERGER   COUNTY. 


WA880N  CREEK. 


Twp  and  one-half  miles  south  of  Lineville,  Iowa,  in  Mercer  County, 
Mo.,  in  the  east  half  of  lot  2,  NW.  J  sec.  1,  T.  66,  R.  24,  in  a  valley 
about  100  feet  from  Wasson  Creek,  is  a  well  owned  by  M.  B.  Haver 
&  Son.  Depth,  153  feet;  altitude  above  tide,  about  672  feet;  depth 
of  casing,  27  feet;  temperature  of  water,  53®  F.;**  of  air,  65°  F.: 
flow  feeble;  date  of  completion,  1879;  driller,  J.  H.  Reger,  Lineville; 
cost,  $150;  surface  formation,  Des  Moines,  under  Pleistocene. 

The  partial  record  of  this  w-ell  which  follows  was  given  from 
memory  by  the  driller: 

Log  of  Ilaver  well  in  Mercer  County y  near  Lineville^  Iowa 


Thickness.  1 
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•*SiaT»»'*  *ml  thin  tx'kal  seams 

4S 

ISO   ^ 

^i>45toue 

3 

m  9 

•  Exprpsaied  br  AiuUyst  in  frmituo  per  gallon;  rp\x>rnputed  to  ionic  fbnn  and  p«ns  per  ffTflBff^i  Mt  Tnitnl 
StAt^s  ^rtNvlopk'al  SiirA-ey. 

»  In  Sweiteer's  report  on  Minem)  Water*,  vol.  3.  ITis^oiiri  r.<»ol.  Sairey,  1802, p.  VK,  A.  E.  Woodwiri 
p\-^s  ibe  t^mpentutv  of  this  mttU  m  IW2  as  52*  F„  air  tcmpeimtore  71*  F. 
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It  is  possible  that  the  1  foot  of  limestone  is  the  base  of  the  Mis- 
souri group.  At  the  bottom  of  the  well  the  drillers  struck  a  quick- 
sand that  was  so  difficult  to  penetrate  that  they  stopped  work. 
Water  was  struck  at  27  feet  and  in  the  sandstone  at  150  feet.  The 
water  came  up  slowly  during  the  night  and  flowed  gently  over  the 
top  of  the  pipe.  The  flow,  although  constant,  is  very  feeble  when 
not  pumped.  The  analysis  here  given  was  made  by  Woodward  and 
Schweitzer:** 

Analysis  of  water  from  Haver  well,  near  Lineville,  lowa.^ 

Parts  per  million.  Parts  per  million. 


Silica(SiOa) 2 

Aluminum  (Al) 2. 6 

Calcium  (Ca) 9. 6 

Magnesium  (Mg) 11 

Sodium  (Na) 1.047 


Potaasium  (K) 16 

Sulphate  radicle  (SO^) 2, 245 

Chlorine  (G) 171 


3,504.2 


This  water  has  a  local  reputation  and  is  shipped  to  various  points. 
It  is  esteemed  as  especially  valuable  for  constipation  and  stomach 
and  kidney  troubles.  Schweitzer  places  this  well  in  the  Glauber 
salt  (sodium  sulphate)  group  of  the  sulphatic  waters,  or  those  con- 
taining sulphates  as  their  main  constituents.  He  has  shown  that 
dolomitic  limestone  containing  gypsum,  as  associated  with  marls 
rich  in  alkalies,  or  other  rocks  containing  alkaline  carbonates  or 
silicates  are  favorable  for  the  formation  of  Glauber  salt  springs  or 
wells. 

About  250  feet  southwest  of  the  Haver  well  is  a  well  owned  by 
J.  H.  Reger.  Depth,  158  feet  8  inches;  altitude  above  tide,  about 
680  feet;  temperature  of  water,  54°  F.;  of  air,  65°  F.;  water  rises 
nearly  to  the  surface;  date  of  completion,  February,  1892;  driller, 
J.  H.  Reger;  surface  formation,  Des  Moines,  under  Pleistocene.  The 
water  is  strongly  chalybeate,  and  in  this  respect  differs  from  that  of 
the  Haver  well,  which  contains  no  iron.  It  is  valued  as  a  tonic  and 
in  kidney  troubles. 

A  well  in  the  immediate  vicinity  owned  by  J.  S.  Haymaker  has  a 
depth  of  202  feet;  altitude  above  tide,  672  feet;  casing,  6-inch,  92 
feet;  temperature  of  water,  53°  F.;  of  air,  65°  F.;  water  rises  nearly 
to  the  surface;  date  of  completion,  March,  1902;  drillers,  Frank 
Bowles  and  Ed  Jumper;  cost,  $250;  surface  formation,  Des  Moines, 
imder  Pleistocene.  The  first  water  was  struck  at  a  depth  of  134  feet 
and  rose  within  26  feet  of  the  top  of  the  well ;  a  second  vein  of  water 
was  struck  at  a  depth  of  175  feet  which  rose  within  23  feet  of  the 
surface.  The  log  of  this  well  corresponds  to  that  of  the  Haver 
well;  the  water  also  is  similar  and  apparently  has  the  same  com- 
position. 

«  MiM^uri  Qeol.  Survey,  vol.  3, 18D2,  p.  128. 

*  Expreaaed  by  analyst  In  grains  per  gallon;  recomputed  to  loniq  form  and  parts  per  million  at 
United  States  Geological  Survey. 
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PRINCETON. 


The  following  record  of  a  well  10  miles  southeast  of  Princeton, 
Mercer  County,  was  obtained  by  Mr.  R.  Hawkins,  of  Chillicothe: 

Log  of  weU  10  miles  southeast  of  Prineeton,  Mercer  County. 


Tbicknen.    Depth. 


Plelstoeene  (180  feet): 
Clay 

DesMoiDes  (321  feet): 

Hard  rock,  about 

Conglomerate 

Not  reported 

Coal 

Hard  white  sand  rock 

Coal 

Shales 

Not  reported 


Feet,      1     Feet. 
190  I  IS 


10 
30 
20 

5  , 
3 

230  I 


244 
257 

3S 

101 


No  water  was  obtained. 


NODAWAY   COUNTT. 
BURUNGTON  JUNCHON. 

At  Burlington  Junction,  Nodaway  County,  one-half  mile  south  d 
the  Chicago,  Burlington  and  Quincy  Railway  station,  is  a  well.owned 
by  the  Nodaway  Valley  Oil,  Gas,  and  Mineral  Company.  Elevation 
of  curb,  909  feet;  driller,  Sherman  Burdick;  date  of  completion, 
190o;  kind  of  water,  saUne.  The  following  log  is  taken  from  the 
original  recorO  of  J.  N.  Maupin: 

Log  of  the  well  of  Nodaway  Valley  OU,  Gas  and  Mineral  Ckmipanyy  Bturltngton  Junctim, 

Nodaway  County. 


Thtekness. 

Depth. 

Pleistocene  (68  feet) : 

SoU..... : 

Feet. 

08 

Feet 

Missouri  (010  feet) : 

Coal 

© 

Blue  shales 

459 
18 

100 
20 
30 
40 
30 
15 
06 
25 
40 
15 
30 
20 
2 

117 

30 

114 

1 

17 
3 
10 
300 
30 
*     40 

S2T 

Yellow  ocher        

515 

Sand  shells 

MS 

Salt  sand 

«? 

Lime  shells 

m 

Shale 

75 

Hard  blue  limestone 

re 

Lime  shells 

7» 

Shale 

m 

Limestone 

ffi 

Shale 

911 

Limestone 

& 

Shale 

9S 

Limestone 

n 

Brown  sand 

9^ 

Des  Moines  (722  feet) : 

White  Trenton  rock 

1,035 

Gas  sand 

1.15 

Black  shale 

1.29 

Brown  sand 

l.J» 

Black  shale 

\,^ 

White  "talc" 

h^ 

Lime  shells 

1.2W 

Black  shale '....'.'.'." 

1,5;? 

Limeshells 

1.60P 

Black  shale  sand ......,,....,  ,. 

l^ 
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Log  of  the  well  of  Nodaway  Valley  Oil,  Gas  and  Mineral  Company ,  Burlington  Jtmction^ 
Nodaway  County — Continued. 


Dee  Moines— Continued. 

Black  shale  and  sand  mixed 

ned  Dakota  wnd 

Black  shale  and  fine  sand 

Brown  sand .• 

Black  shale,  sand,  peacock  cpiors,  and  traces  of  oil. 
Mlisissippian  (im^  feet): 

Lime  aand > 

Pebble  sand 

Red  Trenton  rock  or  cap  rock 


I  Thickness. 

I 

Feet. 
30 
2 

ao 

5 

ao 
11 

10 
165 


Depth. 


Feef. 
1,670 
1,672 
1,092 
1,697 
1,717 

1,728 
1,738 
1,903 


This  well  was  sunk  for  oil,  and  no  record  was  kept  of  water  horizons. 

MARTVILLE. 

On  the  west  side  of  the  road  leading  north  from  the  Burlington 
Railway  station,  in  the  NE.  \  SE.  J,  sec.  17,  T.  64,  R.  35,  is  a  well 
owned  by  Miss  Alice  Beal.  This  well  is  about  15  feet  above  the 
level  of  the  railroad  track.  It  was  drilled  in  1884  by  Thomas  Brown, 
of  the  Diamond  Drill  Company,  Chicago,  111.,  to  a  depth  of  1,003 
feet.  It  has  a  4-inch  bore,  and  is  cased  300  feet  to  soUd  rock.  A 
good  vein  of  water  was  struck  at  600  feet.  The  driller's  record  book 
was  loaned  to  the  Missouri  State  geologist  in  1885  and  was  subse- 
quently lost. 

SOUTH-CENTRAL  DISTRICT. 
GENERAL.   ARTESIAN    CONDITIONS. 

The  south-central  district  includes  the  area  between  the  Atchison, 
Topeka  and  Santa  Fe  Railway  and  a  line  running  from  Kansas  City 
through  Sedalia,  Versailles,  and  along  Osage  and  Missouri  rivers  to 
Warren  County,  thence  northward  along  the  ridge  that  bounds  the 
northeast  district  to  Iowa.  Geologically  this  district  is  divided  by 
Missouri  River  into  two  well-marked  sections.  Except  for  narrow 
patches  of  Mississippian  in  Harrison  and  Boone,  the  Pennsylvanian 
rocks  underlie  the  northern  section.  The  great  dividing  ridge,  or 
northeastern  extension  of  the  Ozark  dome,  running  across  the  north- 
em  half  of  the  State,  dips  gently  to  the  northwest,  although  it  is 
broken  here  and  there  by  slight  anticlinal  folds  and  disturbances. 
Flowing  wells  are  generally  confined  to  the  area  along  Missouri 
River,  where  erosion  has  cut  down  the  surface  to  such  a  degree  that 
there  is  sufficient  head  for  the  underground  water.  South  of  Mis- 
souri River,  Cambrian  rocks  are  exposed  on  the  west  slope  of  the 
Ozark  dome,  but  the  dip  to  the  northwest  brings  successively  to  the 
surface  the  Mississippian,  Des  Moines,  and  Missouri  rocks.  Along 
this  slope,  which  is  decidedly  broken  and  disturbed  in  Saline  and 
Cooper  counties,  conditions  are  favorable  for  artesian  waters.  The 
development  of  anticlinal  folds  along  the  western  side  of  the  Ozark 
Mountains  has  left  its  impress  on  the  topography  and  especially  on 
IRH  19^—07 a 
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the  course  of  the  rivers.  An  anticline  that  enters  Missouri  from 
Kansas  just  south  of  Kansas  City  has  deflected  Missouri  River  at 
that  point  from  a  southeriy  to  an  easteriy  course,  across  several 
anticlinal  ridges  with  a  northeast-southwest  strike,  which  pass  from 
Vernon  County  through  Saline  County  and  deflect  Missouri  River  to 
the  north.  One  of  these  axes  is  well  defined  one-fourth  of  a  mile 
east  of  Napton,  on  the  Missouri  Pacific  Railway,  and  near  Lisbon, 
on  the  other  side  of  the  river,  the  continuation  of  the  axis  is  exposed. 
At  Higbee  a  well  300  feet  deep  reached  the  Mississippian  series  at 
240  feet,  showing  that  one  of  these  anticlinal  folds  probably  stands 
near  this  point.  It  is  likely  that  this  anticline  has  an  impMjrtant 
bearing  on  the  saline  waters  of  Saline  and  Howard  counties.  There 
are  flowing  wells  at  or  near  the  following  places:  Brunswick  and 
Salisbury,  Chariton  County;  Randolph  Springs,  Randolph  County; 
Malta  Bend  and  Sweet  Springs,  Saline  County;  Boonslick  and  Fay- 
ette, Howard  County;  Sedalia  and  Smithton,  Pettis  County;  For- 
tuna,  Moniteau  County;  Olean,  Miller  County;  California,  Moniteau 
County;  Cedar  City,  Callaway  County,  and  in  southeastern  Cole 
County. 

AUDRAIN    COUNTY. 


At  Mexico,  Audrain  County,  the  waterworks  company  drilled  a 
well  1,025  feet  deep  to  supply  the  city  with  water.  The  altitude  of 
Mexico,  at  the  Chicago  and  Alton  Railway  station,  is  81 1  feet.  TV 
following  log  was  obtained: 

Log  of  waterworks  company  well,  Mexico,  Audrain  County. 


Pleistocene  (15  feet): 
Soil. 


Dei)  Moines  (130  feet): 

Limestone  and  f ra^mentb  of  gray  quartz  or  gravel 

Limestone,  soft,  drab,  earthy 

Limestone,  darker  and  harder,  with  black  shale 

Black  shale 

LimeMone,  soft,  light  bluish  gray 

Shale,  black,  bituminous 

Limestone,  fine  grained,  with  fragments  of  black  shale 

Limestone,  fine  grained,  soft,  light  gray,  no  shale 

Coal,  bituminous 

Mississippian  (420  feet):o 

Chert,  hard,  gray,  yellowish  coating  on  some  fragments 

Chert,  hard,  gray  homstone,  some  white  and  opaque 

Limestone  with  some  chert  and  shale 

Sandstone,  rounded,  white,  translucent  quartz  grains;  some  limestone  and 
chert 

Limestone,  soft,  gray,  earthy 

Limestone,  soft,  gray,  with  green  shale 

Sandstone,  white  quartz,  chert,  limestone  and  shale 

Limestone,  gray,  compact,  earthy;  some  shale 

Chert,  white,  iron  stained;  a  few  gra  ns  of  quartz  sand 

Limestone,  compact,  earthy;  some  shale  and  chert 

Chert;  some  limestone  and  ^ale 

Limestone  and  soft  yellowish-white  powder , 

Sandstone,  white  quartz,  witlj  considerable  l.mes^one , . . 

Limestone,  soft,  gray 

Limestone  ii^  poft  wftite  powder ! 


Thickness.  I  Depth. 


Fca. 


Fett 


10 

? 

10 

J5 

15 

.% 

2 

X* 

13 

«5 

* 

70 

50  1 

IS 

20 

\m 

^ 

iir. 

I 
15  ' 

1«0 

40 

30D 

250 

436 

»)l 

53B 

35 

JfiS 

<V> 

69 

40 

sn 

10 

661 

^  1 

7tt 

135  , 

9* 

aol 

W 

10 

?7B 

10 

JW 

90 

970 

55 

1.0B5 

a  Tlie  correlation  bejo^y  666  fee%  becomes  ^oo  uncerUin  to  bo  of  any  valu^ 
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The  following  is  a  sanitary  analysis  of  water  from  this  well,  made 
by  Prof.  Charles  R.  Sanger,  of  Washington  University,  St.  Louis: 

Sofutary  arialytU  of  water  from  waterworkM  well,  Mexico,  Audrain  County. 

[Samples  collected  October  5, 1806.] 

Parts 
per  milUoD. 

Chlorine 45.  7 

Permanent  hardnesH None. 

Temporary  hardness 275 

Lime(CaO) ". '  99.5 

Magnesia  (MgO) 52.5 

Alkali  carbonate 54.8 

Turbidity,  slight. 

Sediment,  very  slight. 

Color,  none. 

Taste,  slightly  alkali. 

Odor,  none. 

Bacteria  after  96  hours  culture,  378 

per  cubic  centimeter. 


per 
Total  residue  from  unfiltered  wa- 

Parts 
milUon. 

ter 

531 

LoBB   on    ignition  from  unfiltered 

water 

52 

Fixed     residue    from    unfiltered 

water 

479 

Total  residue  from  filtered  water . 

479 

hem    on    ignition    from    filtered 

water     

42 

Fixed  residue  from  filtered  water. 

437 

Nitrogen  as  free  ammonia 

558 

Nitrogen  as  nitrates 

Oxygen  consumed 

.06 
98 

VANDALIA. 


There  are  about  45  drilled  wells  near  Vandalia,  Audrain  County, 
varjring  from  120  to  450  feet  in  depth.  It  has  been  impossible  to 
obtain  the  logs  of  any  of  these  wells,  but  it  is  stated  that  they  furnish 
an  abundance  of  water  for  stock  and  farm  purposes,  and  that  water 
rises  within  25  to  75  feet  of  the  surface.  The  water-bearing  forma- 
tions in  these  wells  are  usually  gravel  or  sandstone,  and  the  water  is 
commonly  hard,  with  occasionally  some  sulphur. 


BOONE    COUNTY. 
COLUMBIA. 


Two  miles  northeast  of  Columbia,  Boone  County,  is  a  well  owned 
by  the  city  of  Columbia  and  drilled  by  Cliff  Rummons.  The  follow- 
ing log  was  received  from  Messrs.  M.  L.  Fuller  and  S.  Sanford: 

Log  of  well  near  Columbiay  Boone  County. 


Soft  yeUow  clay 

White  lime 

Soapstone  blue,  with  gravel 

Blue  shale,  light  in  color 

Shaie.  mundic,  some  sand  mixed;  caving:  casing  driven  from  300  to  450  feet 

Blue  lime  rock,  easy  drilling 

Blue  flint  rock,  with  crevices  and  a  light  showing  of  zinc  ore 

White  sand  and  lime  rock 

Soft  light  flint  rock 

Open  crevice;  full  of  water,  which  was  analyzed  at  Missouri  University  and 

broved  to  be  of  a  fine  quality 

White  and  blue  flint 


Thickness.     Depth 


Feet. 

40 

40 
4 

36 
330 
100 

25 
100 

85 

15 
25 


Feet. 

40 

80 

84 

120 

4.50 

550 

575 

G75 

760 

775 

800 
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CALLAWAY   COUNTY. 

CEDAR  CITY. 

A  well  at  Cedar  City,  owned  by  F.  M.  Pease  &  Co.,  of  Chicago,  was 
drilled  by  Charles  York,  of  Allentown,  Allegany  County,  X.  Y.  It 
is  situated  in  a  stream  bed  about  half  a  mile  from  the  Missouri  RiTer 
bottoms,  at  an  altitude  of  about  560  feet.  It  was  drilled  to  a  depth, 
of  1,282  feet,  with  a  10-inch  bore,  and  completed  in  1902.  Water  was 
found  in  sand,  and  flowing  water  was  reached  at  depths  of  182,  220. 
and  423  feet.  The  flow  from  the  423-foot  level  was  strong.  The 
force  increased  at  700  and  800  feet  and  was  strongest  below  1,200 
feet.  Mr.  S.  W.  Cox  states  that  the  flow  was  so  strong  at  1 ,282  feet 
that  the  drill  could  make  no  headway,  and  work  was  stopped.  The 
water  is  clear,  cold,  and  soft.  The  drilling  was  started  in  the  Jeffer- 
son City  limestone. 

PULTON. 

At  Fulton,  Callaway  County,  there  are  a  number  of  deep  welk, 
from  two  of  which  the  city  derives  its  water  supply.  Well  No.  1  was 
drilled  in  1888  to  a  depth  of  785  feet  with  a  9-inch  bore.  Well  No.  2 
was  drilled  in  1895  to  a  depth  of  703  feet  with  a  9-inch  bore.  The 
following  information  was  secured  through  the  kindness  of  Mr.  D.  K. 
Greger,  of  Fulton: 

The  temperature  of  the  water  from  these  wells  is  58°  F.,  the  air 
temperature  72°  F.  The  altitude  is  814  feet  above  tide.  A  strong 
flow  was  struck  at  a  depth  of  450  feet.  The  well  was  cased  to  this 
depth,  and  the  water  rose  within  240  feet  of  the  surface.  Both  of 
these  wells  are  located  inside  of  the  pump  house,  and  they  obtain 
water  from  the  same  bed,  as  when  No.  2  was  drilled  below  450  feet 
the  cuttings  caused  the  water  in  No.  1  to  be  discolored.  The  stratum 
struck  at  450  feet  was  the  St.  Peter  sandstone.  As  the  beds  dip 
north  by  northwest  this  formation  comes  to  the  surface  toward  the 
southeast  in  the  Ozarks.  The  following  log  gives  the  record  for  both 
of  these  wells: 

Log  of  wells  Nos.  1  and  5?,  Fulton^  Callaway  County. 


Pleistocene  (40  feet) : 

Soil,  clay,  shale,  shaly  sandstone. . 
Graydon  sandstone  (80  feet) : 

Qraydon  sandstone  conglomerate. 
Burlington  (20 feet): 

Limestone,  light  gray 

Limestone,  red-brown 

Kinderhoolc  (3  feet): 

Sandy,  yellow  shale 

" Hamilton "o  (70 feet): 

Shale,  white,  in  cuttings 

Limestone 


Thickness.     Depth- 


FeeL 


«) 

Fed- 

m 

130 

12 

8 

1$ 

IC 

3 

IC 

31 
30 

174 

213 

a  This  Hamilton  has  been  described  by  D.  K.  Oreger  (Am.  Geologist,  vol.  i?,  1893,  p.  204)  from  out- 
croppings  In  the  county.  Mr.  Greger  further  states  that  the  Chouteau  limestone  is  not  developed  t& 
this  region:  that  the  Trenton  and  Hudson  River  are  likewise  missing;  and  that  the  Devonian  rp^t.* 
directly  on  the  magnesian  series— in  some  places  on  the  Joachim  limestone  »iid  in  others  on  Uk  St 
Peter  sandstone. 
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LogqfwelU  Not.  1  and  2,  Fulton,  Callaway  County — Continued. 


Thickness. 


Joachim  limestone  (42  feet) :  Feet. 

Buff  magnesian  timestooe '  42 

St.  Peter  sandstone  (120  feet) :  i 

Sandstone 1?0 

Jefferson  City  limestone  (214  feet) :  i 

Bail  magneslan  limestone;  strong  water  at  450  feet I  214 

RouUdoux  sandstone  (66  feet) :  I 

Sandstone I  ftS 

Gasconade  limestone  (131  feet) :  i 

Umeotone '  ai26 

Sandstone 5 

. ; I 


Depth. 

Feet. 
2» 

375 

569 

654 

780 
786 


The  following  analysis**  was  made  April  5,  1904: 

Analysis  of  water  from  well  No.  1  at  Fulton,  Calktway  County. 

Parts  per  million. 

Total  residue  after  evaporation 531 

Chlorine 12.5 

Oxygen  consumed 1. 75 

Free  ammonia 48 

Albuminoid  ammonia 55 

Nitrates 31 

Nitrites None. 

Color,  clear. 
Odor,  none. 
Bacteria  in  1  cubic  centimeter  (i  teaspoonful  of  water,  agar  pits  coimted  the  third 

day),  118,115. 
Growth  of  bacteria  in  beef  tea  at  40^-42**  C,  cloudy. 
Intra^peritoneal  injection  of  beef-tea  culture,  incubated  at  40^  C.  for  twenty-four 

hours,  killed  guinea  pig. 

At  the  State  hospital  No.  1,  one-half  mile  east  of  Fulton,  are  two 
deep  drilled  wells,  one  on  a  hill  and  one  on  a  plain,  960  and  904  feet 
deep,  respectively.  The  principal  vein  of  water  was  found  in  both 
at  about  800  feet  in  black  porous  sandstone.  The  water  rises  within 
180  feet  of  the  surface. 

Another  well  is  located  at  the  deaf  and  dumb  asylum  and  still 
another  at  the  tobacco  factory,  but  no  data  for  either  of  these  could 
be  obtained. 

CHAKrrON    COUNTY. 

BRUNSWICK. 

One-fourth  of  a  mile  north  of  the  Brunswick  city  hall,  in  sec.  3,  T. 
53,  R.  20,  on  a  bluff  overlooking  Missouri  River,  is  a  well  owned  by 
S.  Benecke  &  Co.  Depth,  1,505  feet;  altitude  above  tide,  712  feet; 
casing,  8-inch,  600  feet;  temperature  of  water,  53*^  F.;  date  of  comple- 
tion, 1887;  surface  formation,  Des  Moines.  This  well  was  sunk  in  the 
hope  of  obtaining  natural  gas.     As  this  was  not  found  at  a  depth  of 

a  BoU.  Mluouri  State  Board  of  Health,  April,  1904. 
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1,505  feet,  the  well  was  cased  to  700  feet,  and  since  then  the  mineral 
water  has  been  used  for  drinking  and  bathing  purposes.  The  log  of 
the  well  has  been  lost.  The  following  information  was  given  from 
memory  by  the  owner  of  the  well: 

Solid  Mississippian  limestone  was  struck  at  a  depth  of  130  feet, 
everything  down  to  that  point  being  Des  Moines.  "At  a  distance  of 
about  300  ieet  **  we  struck  a  very  strong  salt  water,  one  tin  cupful  of 
which  when  evaporated  left  a  teaspoonful  of  salt.  When  we  reached 
1,400  feet,  the  water  began  to  flow  freely  and  continued  to  do  so  long 
after  we  abandoned  the  weU."  The  flow  has,  however,  been  decreas- 
ing from  year  to  year,  and  at  present  the  water  stands  within  10  feet 
of  the  surface.  It  is  probable  that  the  main  flow  was  derived  from 
the  St.  Peter  sandstone  at  a  depth  of  1,400  feet.  Mr.  Benecke  further 
states  that  a  bed  of  fine  whit«  marble  was  found  somewhere  in  the 
neighborhood  of  900  feet.  This  was  probably  dolomite.  The  follow- 
ing analysis  is  given  by  Schweitzer  in  his  report  on  the  mineral  waters 
of  Missouri: 

Analysis  of  toater  from  well  cU  Brunswick^  Chariton  County.^ 


Parts  per  milUon. 

Silica  (SiOj) 6 

Calcium  (Ca) 740 

Magnesium  (Mg) 329 

Sodium  (Na) : 4.706 

Lithium  (Li) Trace. 


Partx  per  nines. 

Bicarbonate  radicle  (HCO,) 597 

Sulphate  radicle  (SO4) 1, 3W 

Chlorine  (CI) 8,228 

1&,909 


This  water,  which  is  strongly  saline  and  highly  charged  with  sul- 
phureted  hydrogen,  comes  imder  the  second  division  of  Schweitaers 
mimatic  waters  and  is  somewhat  similar  to  that  of  the  Louisiana  well. 
At  one  time  this  well  was  a  popular  resort.  A  bath  house,  since 
destroyed,  was  built,  and  the  water  was  also  used  internally  because 
of  its  aperient  qualities.  The  well  cost  about  $3,500,  of  which  tlw 
city  paid  $2,000  and  the  citizens  the  remainder. 

8AU8BURT. 

In  the  southeastern  part  of  Salisbmy,  on  a  gentle  southern  slope,  is 
a  well  owned  by  the  city.  Depth,  852  feet;  altitude,  above  tide,  740 
feet;  casing,  6-inch,  100  feet;  temperature  of  water,  58®  F.;  flow,  weak; 
date  of  completion,  1896;  cost,  $2,500;  smface  formation,  Des  Moines. 
The  city  of  Salisbury  started  this  well  in  1895  and  finished  it  in  1S96. 
No  record  of  the  drilling  was  kept.     It  is  stated  that  the  drill  passed 

through  6  feet  of  soft  loam,  about  70  feet  of  soft  sand,  and  60  feet  of 

« 

a  This  was  probably  in  the  ITannibal  shales. 

b  Expressed  by  analyst  in  grains  per  gallon;  recomputed  to  ionic  form  and  parts  per  million  at  Uodtei 
States  Geological  Survey. 
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white  sandstone.  The  first  water  was  reached  at  150  feet  and  the  sec- 
ond at  210  feet,  both  being  fresh.  At  a  lower  level,  below  600  feet,  a 
flow  of  salt  sulphur  water  was  obtained.  The  flow  has  not  materially 
changed.  The  water  is  used  medicinally  for  drinking  and  baths.  The 
foUowing  is  an  analysis  of  this  water  made  by  Schweitzer  in  1896: 

Analysis  of  water  from  well  at  Salisbury ,  Chariton  County  A 


Parts  per  million. 

SiUcaCSiOj) 21 

Iron  (Fe) 5 

Manganese  (Mn) 1.2 

Calcium  (Ca) 491 

Magnesium  (Mg) 396 

Sodium  (Na) 3,538 

Potaasium  (K) 61 


Parts  per  million. 

Lithium  (Li) .56 

Carbonate  radicle  (CO,) .......        454 

Sulphate  radicle  (SOJ 1, 346 

Chlorine  (CI) 6,030 

Bromine  (Br) 12 


12,356 


The  water  is  a  muriatic  water  of  value.  Its  salts  of  iron,  man'ganese^ 
magnesia,  and  Uthium,  as  well  as  the  bromide,  give  it  therapeutic 
effects.  The  source  of  this  water  is  doubtful.  It  is  greatly  to  be 
regretted  that  the  drillers  of  several  important  wells  in  this  district 
have  either  kept  no  logs  or  lost  those  which  were  kept. 

COLE    COUNTY. 

EUGENE. 

Three  miles  southwest  of  Eugene,  Cole  County,  in  sec.  13,  T.  41, 
R.  14,  is  a  well  owned  by  the  Bell  Tunnel  Mining  Company,  and  drilled 
by  Charles  E.  Miller.  The  following  log  was  received  from  Messrs. 
M.  L.  Fuller  and  S.  Sanford: 

Log  of  well  of  Bell  Tunnel  Mining  Company  near  Eugene^  Cole  County. 


Thickness. 

Depth. 

C\HJ  and  Chprt 

Feet. 

17 
38  (?j 

5 

5 
13 

158 

Feet. 
17 

Limp,  with  clay  opctnings,  watflr 

55 

Hard,  blue  lime. .'. T.. 

60 

Open  ground  in  llmewater 

(>5 

Rlntt  \\mt^  And  «ftl«itft .     ,                               ,  .        ,                                                     

78 

Gray  ma^rneflia  lime  with  layers  of  flint  at  intervals;  water  stronger  as  greater 
d^th  is  reached 

236 

This  well  is  probably  in  Jefferson  City  limestone. 


MISCELLANEOUS    WELLS. 


In  southern  Cole  County,  and  in  Miller  County  adjoining,  a  number 
of  prospect  holes  simk  for  mineral  struck  water  that  rose  to  the  sur- 
face.    Two  of  these  are  located  on  the  farm  of  Dell  Karr,  about  one- 


«  Expressed  by  analyst  in  grains  per  gallon;  recomputed  to  ionic  form  and  parts  per  million  at  United 
States  Geological  Survey. 


fS  LTlfDEEOKOUKD    WATERS    OF    M1S80U11L 

lalf  mile  east  of  Bass  post-office  on  the  south  line  of  sec.  ^l,t 
R,  12,  One  of  these  welLs  was  110  feet  deep  with  &  ti-mch  butt^  idl 
ivaa  drilled  about  1901  by  Mn  Groover,  of  Jefferson  City.  Ttiewnn, 
flowed  feebl}'  at  tiie  surface.  Twenty-five  feet  away  another  well 
milk  tu  a  depth  of  50  feet.  Both  of  t  he^e  probably  obiatn  wit^i  I 
Lhe  Gasconade  linie^Jtone,     No  log  wa8  kept. 

One-half  mile  south  of  the  Karr  place,  on  the  fanti  of  DanHSchn^ 
[>er,  two  prospect  hole^  were  sunk.     In  the  one  in  the  vaUey 
^aater  nise  5  feet  above  the  casing;  but  the  one  on  the  ridge, 
Feet  higher,  did  not  flow.     One-half  mile  southwejst  at  the  Kjut 
:)n  tlio  furni  of  Airs.  Annie  Bamhardt,  a  prosper* t  hole  sunk  to  tW 
3f  100  feet  resulted  in  a  flowing  well.     One  mile  due  south  of  thf 
place  Mr.  Marstellar  has  two  flowing  wellsj  each  about  100  fM  At$ 

About  2  J  miles  SiHith  of  Hickory  Hills  post-office,  on  the  Wdln 
■ic*:>tt  property!  uf^ar  the  middle  of  T.  42,  R.  IH,  on  Boh  Dnily  t\M 
bL-.        (jspect  holes  within  half  a  mile  of  each  other  were  sunk  to 
iepth  of    100  feet  each.     These  were  all  6-inch  holes  inaiic  h\ 
jhurn  drill.     Of  these  wells  the  one  near  the  mining  shaft  has  a  ff*Ui 
(low;  another,  a  quarter  of  a  mile  to  the  east,  is  much  stronger,  nud 
third,  a  tjuaiier  of  a  mile  to  the  southeast,  gives  a  good  stream  a 
water*     The  temperature  of  the  water  m  these  wells  is  58°  F.r  (fitklil 
air  temperature  93**  F.     The  water  is  clear,  with  a  slight  oAmi 
suli>hurete(l    hydrogen.     All  uf    these  well-^  ]u*obably  uhtairi  w^v: 
fnuu  the  Oascunacle  liiiu\stone.     jVjiotlu^r  wi>lL  lluee-fourtlii- uf  a  iii- 
northeast  of  Hickory  Hills,  obtains  flowing  water  at   a  depth  ^"^  -' 
feet. 

now  A  in  >  cor  NTT, 

In  a  narrow  vulli^y  a  few  hundred  feet  below  tin/  uhl  Boun^lioksv 
sjjringb,  VNlicrc  Daniel  Boone  .settled  and  mannfactnrtul  shIi,  i:*  a  ^^i 
owjied  hy  \\\  M,  Murshull,  uf  BiHuii'sbonj.  Tlie  urih-r  1^  iiitlt*htt^i  i 
Pruf,  A,  F.  Hendrix.  of  Kuilsus  State  rniversity.  for  llit^  lo^juft: 
\\vi\  unci  UiV  iissistiince  in  various  ollii^r  ways:  Df'juii.  IjNfJ  U-t* * 
iiirlii's;  ullitudr  abovi*  tidt'  by  aneroid  barujuett'r,  5W  feei;c*?i- 
U-iiirh,  1(H)  fi^ct:  teruperutnre  uf  water,  (vii"^  F.,  of  nir,  Ss^'  F  ;  iy* 
liO  tn  :in  ^^^jlHuiis  per  minute;  date  of  slarlmg,  IsCiU;  of  tuiupMi' 
l!s7J:  '^urfai'c  luriuutidiL  Hes  Muiues,  under  Plel^lnL^Mir. 
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Thickness. 


Depth. 


PleLstooene  (22  feet) : 

Soil  (woodeo  conductor  10  inches  square) . . 
Des  Moines  (66  feet  11  inches) : 

Flint  rock 

H&rd  limestone 

Hard  gravel 

Soft  limestone 

Dry  creTice...' 

Hard  flint;  freshwater 

Slate  rock 

"Stone  coal" 

••Slate" : 

••Soapstone" 

Blue  limestone 

White  limestone;  small  vein  of  salt  water. 

Soft  white  limestone 

Flint  bowlder 

White  limestone 

•*  Stone  coal " 

••  Soapstone  " 

Flint  and  limestone 

•  •  Soapstone  " 

Miaaisaippian  (217  feet  1  inch) : 

Black  flint 

Coarse  gray  limestone 

White  lunestone  and  flint 

Coarse  gray  limestone 

Red  flint 

Coarse  grav  limestone 

White  shale,  flhit 

Gray  limestone  and  spar 

Black  flint 

White  limestone 

Hard  white  flhit 

Soft  limestone 

Hard  gray  flint 

Gray  limestone 

Black  flint. 


Gray  limestone.. 
White  flint. 


White  Umestone 

White  fliat 

White  limestone 

White  sandstone 

White  flint 

White  sandstone 

White  flint 

Blue  sandstone 

White  flint 

White  sandstone 

White  sand  and  flhit  mixed. 

Crystallized  white  flint 

Coarse  gray  sandstone 

Blue  flint 

White  sandstone 

Blue  flint 

Brown  sandstone 

Blue  flint 

Black  sandstone 

White  limestone  and  spar. . . 

Fine  white  sandstone 

Blue  flint 

White  sandstone 

White  flint 

Grav  flint 

White  sandstone 

Gray  flint. 
White 


lite  flint;  water  and  gas 

White  sandstone 

Black  sandstone  and  shale 

Gray  sanostone 

Coarse  sandstone  and  shale 

Hard  white  sandstone 

Gray  sandstone  and  shale  mixed 

Black  and  white  sandstone  and  shale. 
Devonian  and  Cambrian  (696  feet) : 

Blue  sandstone 

fine  white  sandstone 

Brown  sandstone  and  shale 

Black  sandstone 

Brown  sandstone  and  shale 

White  flint 


rt. 

in. 

Ft 

in. 

22 

0 

22 

0 

10 

24 

10 

0 

26 

10 

11 

27 

9 

2 

29 

11 

7* 

30 

6 

9 

37 

3 

8 

37 

11 

6 

40 

5 

10 

41 

3 

19 

6 

60 

9 

^ 

65 

1 

0 

68 

1 

6 

73 

7 

6 

75 

1 

9 

81 

10 

7 

82 

5 

2 

86 

7 

2 

87 

0 

2 

88 

11 

5 

80 
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13 

7 

102 

U 

0 

.  10ft 

11 

0 

•  107 

11 

5 

106 

4 

7 

109 

11 

10 

112 

9 

10 

4 

123 

1 

4 

123 

5 

6 

124 

11 

1 

126 

0 

9 

126 

9 

7 

127 

4 

0 

131 

4 

4 

131 

8 

0 

132 

8 

4 

133 

0 

5 

133 

5 

3 

133 

8 

5 

134 

1 

3 

3 

137 

4 

7 

137 

11 

4 

6 

142 

5 

1 

5 

143 

10 

9 

144 

7 

1 

3 

145 

10 

1 

4 

147 

2 

8 

147 

10 

9 

148 

7 

9 

149 

4 

3 

149 

7 

6 

150 

1 

9 

150 

10 

5 

151 

3 

4 

151 

7 

9 

162 

4 

1 

3 

153 

7 

1 

3 

154 

10 

5 

155 

3 

2 

3 

157 

6 

1 

0 

158 

6 

1 

3 

150 

9 

9 

160 

6 

6 

161 

0 

3 

9 

164 

9 

25 

3 

190 

0 

12 

6 

202 

6 

9 

0 

211 

6 

1 

6 

213 

0 

3 

0 

216 

0 

54 

0 

270 

0 

36 

0 

306 

0 

0 

313 

0 

0 

317 

0 

11 

0 

328 

0 

0 

333 

0 

0 

342 

0 

9 

342 

9 
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Log  of  Mwr/ifmll  welly  Booruiliek,  Hmm^td  C*otm<|F-^*<»Kitiiiii«d. 


Dpv^onUn  had  Cvmbiijiti— Coattnued, 

ulruy  sitrnkWiiM?, _*„...... *^^..^-*.__^_, „.*-,. -..-^,*-..^ ,., 

Wbrt/Mllnt...,,„, „„„, *... * *_..,-. 

Whiu^  j^^nditoD^^ , . ^ ^._,--.,,__^j*.-*-,», , ..,._..-,._^,. 

llftrd  wUlieJUnt , .^,-* , ^. ..»-...., ^._, 

Blue  uuidttone *,.-,...,,-„,.... ^,.,..-. ^ .-..-,.,,,.^„-,. 

I  Wbitfi  iABdiitonft ,..,..,»-*„,.. .,.,, .>...... ..._.,» 

Wlitti»  Unwtflonfl  And  flint. ..^«......^..^,.«4«^, 

wwt^flim ... -_, ,, ..-%.., . 

Soft  wh\w  -lU L'ldutflne*.,.,. ,.,.,,,.,,..,,,.-.„,^.*.,,.--^.-^ .*.»»,,,.., ^..^-..p, 

VVhjtr  llllll     , ,,,... .,.....*,>v* .A.»« 

Unm li  »iii iuii$um« .».-..., .^_. .^.*- . . ^^ ,*^*. ♦^^ 

WbitJ'  shiUji  iKtit ,.,_ *.......,.*^ .-..•,*.-*.. *,.*. 

WhJtJ^  sfift  wiTiditfliMj., „,.........,.,.. -.,,^.,.,,,,.,,»^. 

Whit*-  milt „.. .„,„*. ,,,.. ,,„,...,.,.,.^,^ 

SiinrJfttaiw'.  Un«*(  And  flJnl., ......,...___,^^^»^, 

Blm?  aAfirijitoiut, _ ,* ._,,.,..... ,.,..,.-...,,,,,-...,.**.,, 

^^H       leet  i  inch ..,,...... ,,„,.,*-^ 

^^H   8andBt«iw.... .„., ....* --*,,.i^ 

^^^Br  Wbltfl  ■andstone  and  0Jiil.,.^«*^^«...... ....h..^^.-..^,.^^.«4l. 

^^^lVlWte**Miton  rrtct" .,„ .^,, 

^^■►iOfl  white  Miidfttonp........ „ ...^ -.-,1^ 

^^^    Bhw*  flini  t(ftwl*W,  .,„.,,.,_ .................«— ,....^,..,.^.^.*,,, 

f  WhitosjLii.l  lm^i  flint. ,.-^.,..,^, ^ 

I  BUii'  sjiiiiJrttiirii"  uud  bHaIh^., .*.,,-*,.,,^,*h.*-*.,. .,..., ..,,,,,, 

I  Whit*^  *n!uj  iMid  flint,., *-^..-t. --*,..* ....p.,^..^.., 

I  Whttv  sAFKUum« ,*>.,,,■,,„.,,,,,-.,,*-..,,,..«,.,■•.»....*,.,,,,♦, 

I  WbllfOHiil .........,......,...,,,. 

I  Whii*^  MHn^KUiTip, . .^ . . ._^_ . . .. » . . .^._ . ...... ^ ---*.-...*.,,.,^ 

I  Wblt*' «hiily  Pint .....,.„.. ......^ 

I  £^oft  wtilK"  aatidHlone:  tnuiU  a<ldftt«a  ol  Viitier,  Tfvy  strong  wpd  olteaiili^ 

'  wUh  pd*.. ,,.._„„ ,„,.,.,,,»,.,. ,.,*,***.**.,*,...,.,....*,,,. 

SnniUUiruf. .......,*.,,..,, 

('n,(iriit«  while  8Aiid«toni^;  trf^  WAter  A»id  lo  tuiv«  cotnr  In  beni , . , , , 

(^I'l^VltH' ,....,,,,.... ,   „    . ,,,,-, , .    .    -  .    ,  H.  ^ , , 
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Tli(^  water  from  tliis  woll  is  stron<rIy  saline  and  lii^lilv  rhartre'l 
sulpliuretecl  liydroiren.  The  irround  around  the  diteli  is  covere'l 
a  hhick  and  wliite  dej)osit.  When  visited  by  tlxe  writer.  July 
ltM)4,  the  well  had  an  estinuited  How  of  20  (]:allons  per  minute. 
followini:;  data  were  ol)taine(J:  At  37  feet  water  was  detained:  i 
feel  weak  salt  water;  at  1(>  1  feet  9  inehes  the  size  of  the  strean 
increased  one-fourth,  with  the  amount  of  salt  al)oiit  the  same  a 
outside  stream,  or  11  |)(»r  cent;  at  482  feet  a  vein  of  salt  watei 
re|)orte(l,  with  an  increased  stren^^th  of  one-third  ;  at  708  feet  7  ii 
a  small  amount  of  water  was  reaehed  which  was  very  strons 
offensive  with  i^^as,  with  a  corres|)ondin^  increase  in  streng:th  of  bn 
from  4  1  to  \)  |)(M-  cent.  A  lO-inch  s(juare  wooden  conductor  w& 
down  to  the  bottom  of  the  (juicksand,  a  distance  of  22  feet.  E 
this  a  1  l-inch  |)i|>e  was  ins(»rte(l  (Schweitzer  states  that  a  3-inch 
was  inserte(l  to  a  de|>th  of  H)()  feet).  The  volume  of  water  i>  : 
("lent  foi'  a  21-inch  j)ipe. 

Th<'  lo«r  stat<v^  that  fresh  water  came  in  at  l.OOl  feet.  Mr.  I 
(\>oj)er  informe(l  the  writer  that  he  was  on  the  ^rountl  when  the 
was  sunk  and  that  no  fr(»sh  water  was  obtained.  Others  nia!' 
positive  assertion  that  tiiere  was  fresh  water.  This  (juestion  1:.' 
important  bearini:  on  the  ])ossibility  of  a  fresh-water  sup|)h  m 
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immediate  vicinity,  and  it  has  already  been  discussed  at  Fayette, 
where  the  problem  of  city  water  supply  is  serious  and  where  the 
advisability  of  sinking  the  present  deep  well  down  to  the  supposed 
fresh-water  supply  found  in  the  Boonslick  well  has  been  considered. 
TTie  following  is  an  analysis  of  the  water  from  this  well,  made  by 
Woodward,  probably  in  1891,  and  published  in  Schweitzer's  report  on 
the  mineral  waters  of  Missouri.** 

Anahftis  of  water  frvm  Marshall  welly  Boonslick j  Howard  County.  ^ 

Parts  per  mlllioD. 

Sulphate  radicle  (SO4) 1, 392 

Chlorine  (CI) 12, 071 


Parts  per  million. 

SUica(SiOj) 18 

Calcium  (Ca) 967 

Magnesium  (Mg) 413 

Sodium  (Na) 6, 580 


21,441 


While  this  is  only  a  partial  analysis  of  this  spring,  it  indicates 
some  very  important  conclusions.  The  saline  springs  of  Saline, 
Howard,  and  Ralls  counties  have,  it  is  believed,  a  deep-seated  ori- 
gin, and  the  deep  wells  at  Sweet  Springs,  Malta  Bend,  Spalding, 
BoonsUck,  and  Fayette  are  either  adjoining  or  near  salt-spring 
marshes.  The  wells  at  Spalding,  Boonslick,  and  Fayette  are  located 
on  such,  marshes.  The  Big  Salt  Spring  (PI.  VI,  A)^  one  of  a  group 
of  brine  springs  between  the  deep  wells  at  Malta  Bend  and  Sweet 
Springs,  has  been  described  by  the  writer  as  follows:*^ 

The  surface  rock  is  near  the  base  of  the  Mississippian,  and  the  spring  proper  is 
an  oval  pool  about  25  feet  in  diameter.  The  water  boils  up  all  over  the  surface  of 
this  pool,  and  is  impregnated  with  sulphur.  Its  source  is  undoubtedly  at  a  great 
depth. 

After  a  brief  discussion  of  the  fluctuations  of  these  springs  in  tem- 
perature and  of  the  varying  amounts  of  sulphureted  hydrogen, 
as  revealed  by  examinations  made  at  different  times,  the  writer 
continues:** 

'Diis  central  section  seems  to  be  a  basin  which  receives  the  flow  fmm  the  Ozarks 
hom  the  southeast,  being  apparently  inclosed  on  the  south  by  the  Sedalia  fold  and 
probably  on  the  west  by  smaller  folds  which  have  not  yet  been  fully  outlined.  If 
this  view  can  be  fully  verified  it  might  account  for  the  concentration  of  salines  in 
these  waters.  The  presence  of  a  considerable  amount  of  calcium  chloride  in  all  the 
deep  wells  and  brine  springs  of  this  district  would  presuppose  the  theory  that  this 
was  a  basin  early  shut  off  from  the  sea,  in  which  the  original  sea  water  became 
concentrated. 

The  view  quoted  above  has  been  more  fully  substantiated  by  the 
studies  of  the  past  few  months. 

Section  8  (PI.  V,  p.  36)  shows  the  structure,  from  west  to  east, 
of  the  Fayette  basin  in  Howard  County  and  of  a  part  of  the  Sweet 

olfiMoari  OeoL  Survey,  vol.  3, 1892,  p.  il. 

k  Expresaed  by  analyst  In  groins  per  gallon;  retcomputed  to  Ionic  torni  and  parts  per  niilllon  at 
United  states  Geological  Survey. 
cShepard.  E.  M..  Water-Sup.  and  Irr.  Paper  No.  114,  U.  S.  Oeol.  Survey.  1905,  p.  213. 
d  Op.  cit.«  p.  214. 
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Springs  basin  in  Saline  County.  To  the  south  the  horizons  rise 
rapidly  toward  the  Ozark  Island,  and  to  the  north  shallow  well  sec- 
tions extending  through  the  Pennsylvanian  show  a  rise  of  the  Mis- 
sissippian  floor  in  that  direction,  thus  outlining  the  two  well-defined 
basins  just  mentioned.  These  basins  were  probably  developed  early 
in  the  geologic  history  of  the  region,  possibly  at  the  close  of  the  Cam- 
brian, the  flexiires  which  had  a  northeast-southwest  trend  being  more 
or  less  parallel  with  the  old  coast  line  of  the  Ozark  Island  and  devel- 
oping lines  of  weakness  which  were  accentuated  by  further  uplifts. 
The  presence  of  these  folds  is  indicated  by  deflections  of  Missouri 
River,  as  has  previously  been  described  (p.  36).  The  Ozark  Island 
has  probably  been  divided  at  times,  and  water  connection  between 
the  great  east  and  west  seas  has  existed  along  what  is  now  the  line 
of  Missouri  River.  Subsequent  elevations  of  these  anticlines  to  the 
north  shut  ofl*  these  basins  and  left  therein  the  fossil  brines  of 
ancient  oceans,  in  which  the  present  deposits  were  afterwards  laid 
down. 

The  analyses  of  the  water  from  the  Boonslick  spring  and  the 
Boonslick  deep  well,  which  are  about  400  feet  apart,  show  a  striking 
similarity.     The  two  are  given  below  for  convenience  of  comparison: 

Analyses  of  water  from  Boonslick  well  and  Boonslick  spring,  a 
[Parts  per  million.] 

Well.       Spiteg. 

Calcium  (Ca) 

If agnesiimi  (Mg) 

Sodium  (Na) 

Sulphate  radicle  (Sd) . 
Chlorine  (CI) 


a  Expressed  by  analvst  in  grains  per  gallon  and  hypothetical  combinations:  recomputed  to  ionic 
form  and  parts  per  million  at  United  States  QeologicalSunrey. 

The  similarity  of  these  two  waters  is  striking.  The  log  of  the  Boons- 
lick well  gives  a  record  of  the  varying  amounts  of  saline  water  found 
at  different  depths,  and  not  until  708  feet  was  reached  was  water 
found  having  a  composition  similar  to  that  which  comes  to  the  sur- 
face in  the  adjoining  spring,  a  fact  which  seems  in  this  case  to  dem- 
onstrate the  deep-seated  origin  of  the  water.  Moreover,  the  valleys 
where  these  brine  springs  occur  are  flat  and  seem  to  have  been  filled, 
to  some  degree,  by  deposits  from  the  springs. 

The  Boonslick  spring  rises  from  a  slightly  elevated  platform  of 
muck.  The  water  is  highly  charged  with  sulphureted  hydrogen. 
The  mound  which  the  spring  has  apparently  built  up  around  itself  is 
stained  a  beautiful  pmplish-red,  the  material  consisting  of  clay,  algse, 
and  slime.     The  purplish  algae  seem  to  be  covered  in  places  by  a  dark 
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slaty-colored  sediment.  Mr.  J.  N.  Newman,  who  resides  in  the  vicin- 
ity, states  that  in  the  winter  the  flow  from  the  spring  is  much  greater, 
the  water  boiling  up  to  the  height  of  1  foot. 


FAYETTE. 


One  hundred  yards  south  of  the  Missouri,  Kansas  and  Texas  Rail- 
way station  at  Fayette  is  a  well  owned  by  the  Fayette  Mineral  Well 
Company.  Depth,  860  feet;  altitude  above  tide,  655  feet;  diameter 
of  casing,  4  inches;  temperature  of  water,  61.5^  F.;  of  air,  78°  F.; 
surface  formation,  Des  Moines.  This  well  was  simk  for  the  purpose  of 
obtaining  a  supply  of  water  for  the  city,  but  at  a  depth  of  860  feet  so 
strong  a  flow  of  salt  water  was  encountered  that  the  original  idea  was 
abandoned.  The  well  is  in  close  proximity  to  the  Fayette  salt  springs, 
at  the  head  of  a  small  salt  branch.  The  area  occupied  by  these  springs 
is  about  50  feet  in  diameter.  The  Howard  and  Saline  County  basins 
are  both  characterized  by  numerous  irregular  salt  marshes  and  springs 
of  the  same  character. 

The  following  log  and  analysis  of  the  water  of  the  Fayette  well  have 
been  furnished  by  Prof.  E.  E.  Wildman,  of  Fayette  College.  The  log 
was  made  from  samples  of  drillings  preserved  by  the  late  J.  W.  Kil- 
patrick,  formerly  professor  of  geology  in  that  institution: 

Log  of  well  of  Fayette  Mineral  Well  Company ,  Fayette,  Howard  County, 


Thickness. 


Pleistocene  (135 feet): 

Loess  and  sandstone 

Clay 

Slate  and  gravel 

**8oapstone"  (?) 

Blue  clay 

•  •  Soapst  one  * '  ( 7 ) 

D<»  Moines  (464  feet): 

Flint  and  limestone 

Gray  fUnt,  soft  limestone,  and  coal 

Salt  and  sirndstone 

White  and  brown  limestone 

Salt  and  sandstone 

Sandstone  with  sulphur 

Blue  limestone 

White  and  eray  sandstone 

Ifismsaippian  (Keokuk-BurUngton)  (271  feet) : 

Lhneand  sandstone 

White  sandstone 

Lime  and  sandstone 

Brown  flint  and  sandstone 

Iron  and  sandstone 

Gray  sandstone 


Ftet. 


25 
12 
34 
19 
10 
35 

80 
25 
35 
225 
22 
40 
14 
14 

146 
10 
75 
20 
6 
14 


Depth. 


Ftet. 
25 
37 
71 
00 
100 
135 

215 
240 
275 
500 
522 
571 
585 

745 
755 
830 
850 
856 
870 


The  great  thickness  of  the  Des  Moines,  which  fills  the  Howard 
basin,  as  shown  in  section  8  (PL  V,  p.  36),  is  to  be  noted  in  this  log. 


84 


tntDRRQROlTWD   WATERS   OF   M1B£40t5m, 


Analijsyf  of  uMtUrfrtrrn  Fmfitit  mineral  wdL^ 

{AniifyHt,  KvtirUcatt  Water  Softconr  CompA&jr,  Chiiagt^  III  J 

V»,x\^  fH^r  minion . 

Silk'a(*Sin3>,„„ ,_  20 

Irtiri  and  nhnuioum  oxides  (FfjOj 

+Ay>,)  - H 

t^drium^ra)..... ,     1.042 

Magne»iuin  (MgJ...., fMO 


fwupni 

S^Miium  (Nttl ...,,,,,, \W\ 

Bif-arUmate  rmciidc  tHOO^) ,      IN  I 

Siilphait*  rarficle  <SO«^, ., l«  j 

Chlorine  (O  I I^lij 


\in'*-r%*»* 


a^ci 


TIiP  ftU^^ptnuJtHl  niaikT  is»  to  a  cxjiisiderabk?  e:tt^nt,  sulphur.  Tli 
arialybit  (li<l  in>t  give  the  ^^ulphur  or  the  Hulphureted  hydrogen.  TV 
waU^r  ims  n  ft*4*ble  (l(»w  and  contains  a  considerable  amotiiitof  thepi 
FrL>Tii  tMa  aiial3sii^  it  is  seen  that  the  water  resembles  a  ftj^isil  briip 
fniiii  an  ocean  l>a8iii  that  ha*^  never  been  leached  out  sinci*  the  ^m 
was  originally  shut  off  frtvni  the  sea. 

At  pies<Mit  the  water  from  thi.s  spi'ing  is  used  f<jr  medicinal  purposEi. 
A  sniall  bath  hoiLse,  with  hot  and  cold  water,  and  a  swimnim^  jkjoI  3<l, 
by  64  feet  adjt>m  the  well.  The  water  is  recommended  for  rhemoi* 
ti^m  and  skin  and  blood  troubles. 
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KANSAS  nTY. 


Dr.  O.  C.  Broadbead  ^ves  the  lopj  of  a  well  at  Kansas  CjITt  J' 
^oh  ('<>unl\,  Inrjitr^l  iio(  hu'  rioiii  lh«*  uiiiiin  staH^in: 


J 


Imj  ttf  in  If  itt  kftic^fOf  f'itii.  Jiuki<tifi  ^  'itiinhj. 


Vl'hU".'vnf^  i.'C  f"»'i'i , 

\a»'^*  ffitrri  f*5jfnin'  U"  ►unI  h^'k. 

|ir>.  Mi.Mii.-i  1 71  IS  U'>'ir. 

Hn(    ni'illH'^nilKlsh  hinr'.hiiiii'. 

Lit- III -hi  Ml'  liny ......_.. .,.„ 

hull,  1  i^^»n^|  rjji> *^.<.,. .,..      -...^.- 

Umji  liriH";1oTi(i ,  ,..._,,^, ,_ 

I  ti'p^i' fiiliKri'it  I  l.'i  V  -(bivli*,  ,.*,,,, 

hlliiiiiOious  momI  J  UtV:  tJttUffU'n  n"-"''  l"  ytirlmr. 

'  U\    .  

fiiniMMiiofty  hjNi'niiiiiM',  bmwti..  _. 

flMH"^lM||i\    fc»M'h'Jl-H»' (.tf  Wi'ilrf,  ......  ,    ..       ,, 

^rTiMU' ji-rj?j>  tiwi  siitft  tirjiti  #!iKdi*ltmi% **.->*. 

\.ly\il  Im.iH  JjtfH'sbiMM.. ..  .    ,     .,    .^ ,,     - 

|Jokii'.ro|<i|'M<|  "^ixnjjj^Tnlii'",    ,    ,    ,,.,   ,.,,.^_,.,, 
I  >ii^,-ki-tnK(Kfinl  jfrriiiu-i'MiiwrNrV  ,  H ..,»   .    4,,      ,.*    * 
U.iirK  '■l||^.  ^^lukv,  .vlnHly  fii^il,  frivvV^.**,,,,.,^,.,^^ 
^'nrk  li'lu''  MM'Vj<'i"'Nn  <1fty.  .... 

l'.Mrki'hJ''  (<ii('»^.-rnirh")  Mm  hi  mi  if i ^.i.._. 

i h\rh  ihij li'^.  ■.^i  1 1  n ati'f . ,.,.,,,....,., 

rnnl . , 


Tltfitji^^v    f^ 


Ff 


t'l.n    iNld   IJtlH'SlnjOV   MI.<flU»i     ..L,,,^.,, 

\U\-k  "4nU  '■  nli'1  <'i*'H;   thMil  jrlziin^';  ^iU  \\^^^vrmy;i  . 

ruiH,  iliMf-i-  ^nl|  fiTij^ht^. ,♦,..*.. ,..,.,. 

rin.v  ^i(ii|  hiiM'i^i'iiii" ,..  ,    ,, .   ,     ,.,    J,; 

1  I  Him '  i?rfn  ^Miil«1on(i;  htrmi^^  ttrinr-.... 

'  I  Til  V    IH  li"  *-J'  f H  hi  nlU' . ,  . .  , ". . . ,  ^^ ,  _  „  „  ,^  , . .  ^vt-t  »-■■ 

niikrUy,., ,......,„... ...... 

I  'Im  s  Mr  "  *<i  iH  (1*1 1  mM  '  \  .  H ,,,,., , , . . . , . . 

hiirk,  (jMHiM  oh^n^l  llui'-t^riliMir  lyiudv  r'Liv.  -    .  . . 
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Log  of  well  at  Kantas  Cittft  Jackson  County — Continued. 


D«s  ICoioes— Continued. 

Coia 

CUv,  with  sand 

Thui  laminated  dark  claj  with  shaiee. 

Black  bituminous  shalee 

Coal 

Clay  and  mud 

Mud 

Dark*  mottled  crystalline  sandstone. . 
MIssiMrippian  (13+  feet): 

Vitreous  crystalline  limestone 


Thickness. 

Depth. 



Ft. 

in. 

Ft.  in. 

1 

0 

623   0 

50 

0 

673   0 

6 

0 

679   0 

3 

0 

682   0 

H 

683   8 

16 

4 

700   0 

34 

10 

734  10 

10 

2 

746   0 

13 

0 

758   0 

The  log  of  a  deep  well  in  Jackson  County  was  furnished  by  Messrs. 
M.  L.  Fuller  and  S.  Sanford.  It  is  believed  to  be  the  record  of  a 
well  recently  sunk  in  Kansas  City,  though  the  specific  location  was 
not  given. 

Log  of  well  in  Jackson  County. 


Karth. 
Yi>Uow  abate. 
KIrec 


(day. 


L4me9toiie.  hard 

Fire  clay,  light  to  dark. 

Brown  umber,  good 

Sandy  limeetone.  hard . . 

limestone,  hard 

"  (^capstone  " 

Limestone,  very  hard . . 
Fire  day,  dark,  shaly . . . 

limestone 

Tire  clay,  dark 

Limestone 

Shaie. 


Sandstone 

black  slate;  salt  water  . 

Coal,  first  seam 

FirecUy. 


Limestone 

•  *  Soapstone  " 

8aody  shale 

BUCK  slate  (iron  pyrites  with  gas,  pressure  125  to  150  pounds) . 

CnaL  second  seam 

Firpda^ 
Sandy  " 
Fire   " 


snale. 


clay. 

ftk   '*  V 


•SUte,'*  black 

Fire  day,  li^it  to  dark 

Sandy  shale,  hard 

Black  shale  and  *'  soapstone  " . 
Fire  day. 


Black  "slate".-. 

r4)al.  third  seam. 

Sandstone,  with  partings  of  clay . 

Firec" 


•Rock 
Fire  da: 


S^^- 


day., 
kpston 


"Soapstone, 
Coal,  fourth 
Firoda^ 
roal,fll 
Fire 


soft,  blue. 


^&'i 


day. 


"Soapstone" 
Firec^ 


Bda: 


Play., 
pston 


"Soapslone,**  dark. 
Sandstone,  soft»free. 
Kaolin,  sandy... 

Stody  shale 

Fire  day,  shaly. 
Sandstone. 


Fireclay,  dark.. 

Shale,  sandy. 
Firec- 


Pday 


Thickness.     Depth. 


Ft.  in. 
14     6 

2 
35 

9 

7 

4 

2 
36 

6 


Shale,  sandy  crevice;  strong  brine  In  crevice,  filled  well  within  100  feet  ef  top — 


1 
6 
6 
8 

11 
4 
0 
1 
2 
3 

17 
1 
1 
4 
5 

4 
1 

66 
1 
2 

33 
0 
1 
7 
7 
5 
2 

20 
0 

16 
0 

29 
4 

14 
7 

11 

10 
4 
7 

17 

30 
4 
4 
2 


Ft. 

in. 

16 

6 

61 

6 

60 

6 

67 

6 

72 

0 

74 

0 

110 

0 

116 

0 

124 

0 

125 

0 

131 

0 

137 

6 

146 

0 

157 

0 

161 

0 

161 

6 

163 

0 

165 

0 

168 

U 

ia5 

0 

186 

0 

187 

0 

191 
196 
197 
201 
203 
269 
270 
272 

305  6 

306  0 

307  0 
314  0 
321  0 
326      0 


.328 
348 
349 
36.'i 


36.*)      8 
395      0 


413 
420 
431 
441 
445 
452 
460 
500 
5(H 
508 
510 


The  above  formations  are  all  in  the  Des  Moines  group. 
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Record  of  diamond-dnU  well  10  miles  northeaH  of  KansoM  City,  Mo. 
[Elermtion  of  well  moath,  926  feet    Correiatioiis  by  E.  O.  Ulrich.] 


«« 

Depth. 

I 

fW. 

7b0 

7» 

75 

fi^ 

280 

l,fes 

100 

1.1*) 

15 

i.ao 

67 

1.257 

64 

1,221 

129 

l& 

10 

1.46D 

160 

1,636 

20 

i.m 

16 

].(!« 

74 

1.730 

20 

1.750 

70 

l^ 

15 

l.Sfe 

215 

t& 

50 

2,100 

40 

2.1© 

110 

2.2» 

9R 

t^ 

53 

2,401 

Lower  Coal  Meamres 

Boone  limestone  (?):* 

Limestone,  shelly  in  places,  with  shale  partings , 

Ltght-«olored  limestone,  flinty  layers 

Dark  limestime,  with  shelly  layers 

Dark  reddish  sand 

Joachim  (?):  Bkiish.  fine-grained  limestone,  shelly  in  places 

St.  Peter:  Sandstone,  white  at  top,  reddish  at  bottom 

Cambro-OrdoTician: 

Gray  and  brown  limestone 

Shelly  and  clayey  limestone 

Light,  coarse,  porous  limestone 

Shelly  limestone 

White  sandstone 

Flinty,  light,  porous  limestone;  water  disappeared  or  was  lost. 

Gray  clayey  and  sandy  limestone , 

Hard,  gray,  fine-grained  limestone 

Hard,  gray,  fine-grained  sandstone 

Gritty,  porous,  crrstalline  limestone,  in  places  white  and  flinty, 

Hard,  coarse  sanostone 

Cambrian: 

Limestone,  with  seams  of  gray  and  brown  shale 

Dark  and  light  flne-grainra  limestone 

Hard,  coarse  sandstone 

Granite 


/brt. 


JOHNSON    COUNTY. 
LEBTON. 

One-half  mile  southwest  of  Leeton,  Johnson  County,  is  a  well 
owned  by  the  Chicago,  Rock  Island  and  Pacific  Railway  and  drilled 
by  George  Austin  and  W.  E.  Camer.  The  following  log  was  received 
from  Messrs.  M.  L.  Fuller  and  S.  Sanford : 

Log  of  Chicago,  Rock  Island  and  Pacific  Railway  well  near  Leelon,  Johnson  County. 


ThickDess. 


Soil  and  clay 

Limestone,  very  hard. . 

Shale,  medium 

Coal,  bituminous 

Shale,  medium 

Coal 

Shale;  small  flow  of  gas 
Limestone,  hard 


Feet. 


14 

18 

50 

2 

6 

1 

623 

500  i 


Depth. 


Feel. 

14 

e 

M 
90 
fl 
714 
1.214 


LAFAYETTE   COUNTY. 
mOGINSVILLE. 


At  Higginsville,  Lafayette  County,  the  Higginsville  Prospecting 
Company  in  1898  drilled  a  well  near  the  Missouri  Pacific  Railway  sta- 
tion to  a  depth  of  1,512  feet.  This  well  has  a  diameter  of  10  inches  at 
the  top  and  4 J  inches  at  the  bottom;  it  is  cased  all  the  way  down. 
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The  principal  source  of  water  is  in  sandstone,  apparently  the  Kinder- 
hook,  at  a  depth  of  656  feet;  another  strong  flow  was  obtained  at  a 
depth  of  1,350  feet  in  a  sandstone  that  was  probably  the  Roubidoux. 
A  strong  flow  of  salt  water  was  struck  at  a  depth  of  1,070  feet  in  the 
St.  Peter  sandstone.  The  water  rises  within  80  feet  of  the  surface, 
the  supply  seeming  to  be  unlimited.  The  president  of  the  company, 
Mr.  J.  H.  Burgan,  to  whom  the  writer  is  indebted  for  this  information, 
states  that  pumping  100,000  gallons  per  day  for  a  week  made  no 
change  in  the  level  of  the  water.  Salt  water,  charged  with  sulphu- 
reted  hydrogen,  now  comes  in  through  the  casing  and  the  well  is  not 
used.     Mr.  Burgan  furnished  the  following  log: 

Log  of  wtU  at  Higginsville,  Lafayette  County. 


Pletetooene  (68feet): 

EATth  and  clay 

Des  MotiMM  (3G2  feet)  : 

Sandstone 

Asphaltic  sand 

SUte 

Soapstone 

Sandstone 

Keoknk  (87  feet) : 

GiBT  limestone 

White  limestone 

Asphalt  and  quarts  rook 

Borlington  (63 feet): 

Coarser  limestone 

Dark  limestone 

Hard  gray  limestone 

Kindexhook  (ld6  feet) : 

Brown  limestone 

Dark-brown  limestone 

Sandstone:  heavy  flow  fresh  water 

Hard  limestone 

Devonian  (55 feet): 

Hard  white  limestone 

White  sand;  water , 

Darker  brown  sand , 

" Trenton"  and  Joachim  limestone  (281  feet) : 

Limestone 

Trenton  rock,  close  grained;  trace  of  oil . . 

Trenton  rock,  hard;  slight  trace  of  oil — 
St.  Peter  sandstone  (150  feet) : 

Soft  Htndstone 

St.  Peter  sandstone;  salt  water 

Jefferson  City  limestone  (145  feet) : 

Limestone;  salt  water 

RoobidotuE  sandstone  (107  feet) : 

Sandstone;  freshwater 

Very  hard  white  limestone 


Thickness. 


Feet, 


Depth. 


68 

Feet. 
68 

112 
8 
6 

157 
20 

180 
1S8 
193 
360 
370 

67 
13 

7 

437 
450 
457 

38 
6 
20 

495 
500 
520 

36 
100 
35 
24 

556 
656 
691 
715 

27 
20 
8 

742 

762 
770 

201 
45 
35 

971 
1,016 
1,051 

20 
130 

1,071 
1,201 

145 

1,346 

25 
142 

1,371 
1,513 

A  number  of  drill  holes  ranging  from  80  to  250  feet  in  depth  are 
noted  in  Marbut's  report  on  the  geology  of  the  Lexington  sheet, 
Lafayette  County.* 

a  Marbut.  C.  F..  Missouri  Qeol.  Survey,  vol.  12,  pt.  2, 1898,  pp.  196-247. 
IBB  l»5-07 7 
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MACON    COUNTY. 
LA  PLATA. 

At  La  Plata,  Macon  County,  the  La  Plata  Electric  Light  Com- 
pany drilled  a  well  435  feet  deep  one-eighth  of  a  mile  northeast  of  the 
town.  The  work  was  done  by  Durand,  of  lola,  Kans.  La  Plata  is 
situated  on  the  crest  of  the  divide  between  Missouri  and  Mississippi 
rivers,  at  an  altitude  of  914  feet.  The  well  has  an  S-inch  bore  and 
was  completed  in  1902.  The  principal  flow  is  from  sandstone,  at  a 
depth  of  140  feet,  and  the  water  rises  within  90  feet  of  the  surface. 
Another  water-bearing  sandstone  was  found  at  430  feet.  The  supply 
is  only  about  3  gallons  per  minute  and  a  little  pumping  soon  lessens 
that  amount.  By  hard  pumping  the  well  can  be  entirely  drained. 
The  water  is  used  for  boiler  purposes. 

The  following  analysis,  neither  date  nor  name  of  analyst  being 
given,  is  furnished  by  the  company: 

Analysis  of  water  from  electric4iglU  company^  s  well,  La  Plata.  Macon  County.^ 

Parts  per  million- 


Carbonate  radicle  (CO3) 283 

Sulphate  radicle  (SO4) 195 

Chlorine  (CI) 11 


Parts  per  million. 

Silica  (SiO^) 3.4 

Iron        and        alumina        oxides 

(FeA+AlA) 13 

Calcium  (Ca) 109 

Magnesium  (Mg) 38 

Sodium  (Na) 96 

MACON. 

The  following  notes  on  the  record  of  the  deep  well  drilled  by  the 
mining  company  of  Macon  in  the  summer  of  1887,  which  furnishes  a 
key  to  the  geology  of  this  immediate  vicinity,  are  taken  from  the 
account  by  W  J  McGee:^ 

The  baring  in  Macon, — The  prospect  bore  is  located  in  the  southeastern  part  of  thf 
city,  in  a  ravine  some  30  feet  deep,  where  the  drift  was  found  to  be  36  feet  in  thicknc*. 
An  ordinary  plunge  drill  was  used.  The  diameter  of  the  bore  is  13  inches  in  the  drift 
and  8  inches  in  the  rock  to  320  feet  from  the  surface,  where  a  strong  flow  of  water  iras 
encountered  and  the  diameter  was  reduced  to  5  inches.  Samples  were  taken  by  meaa" 
of  the  "sand  pump^'  at  frequent  intervals,  particularly  when  change  in  character  of 
material  was  indicated  by  the  behavior  of  the  drill;  and  special  care  was  exercised 
in  taking  samples  and  in  determining  thickness  of  strata  when  borings  indicated  the 
proximity  of  coal  seams.  The  samples  were  collected  and  preserved  by  the  well 
driller  and  one  or  more  representatives  of  the  citizens'  committee  acting  in  conjunction 
with  him;  and  the  depth  from  which  each  was  taken  was  indicated  upon  the  box  in 
which  it  was  preserved.  In  the  following  notes  the  depths  are  transcribed  from  thi? 
record.  The  specimens  were  personally  examined;  and  the  notes  represent  the 
inferences  then  made  as  to  the  character  of  the  strata  from  which  specimens  were 
derived  rather  than  accurate  descriptions  of  the  specimens  themselves. 


a  Expressed  by  analyst  in  hypothetical  combinations;  recomputed  to  ionic  fonn  at  United  States 
Geological  Survey. 
6  Trans.  St.  Louis  Acad.  Scl.,  vol.  6, 1888,  pp.  326-333. 
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Thickness. 


Drift  (no  specimens  preserved) 

Blae  c&lcareous-argiUaceoos  shale  breaking  down  into  clay  with  a  few  firm 

f  racraents 

Hard,  brittle  blue  limestone  with  conchoidal  fracture,  mixed  with  shaly 

d^ris  and  mud  evidently  derived  from  the  breaking  up  of  shale 

Black  shale  breaking  up  into  graphite-like  mud 

Coal,  with  a  few  fragments  of  shale 

Blue  shale  or  clay  containing  a  little  grit,  breaking  down  into  mud,  with  a 

few  shaly  scales 

Tenacious  blue  clay  with  a  few  shaly  flakes  and  a  trace  of  grit 

Gray  calcareous  shale  with  a  few  fragments  of  limestone,  of  which  some  are 

veined  with  calcite  and  exhibit  conchoidal  fracture 

Black  shale,  the  larger  fragments  of  which  exhibit  parallel  lamination 

Coal 


Tenacious  blue  clay  containing  a  1  ittle  gritty  matter 

Black  graphite-like  clay  with  a  few  bits  of  gray  clay,  the  whole  containing  a 

little  gritty  matter  and  scales  of  shale 

Dark-gray  or  black  clay  evidently  derived  from  slightly  calcareous  shale 

containing  fragments  of  dark-blue  1  mestone 

Firm  black  carbonaceous  shale 


11. 
15. 
16-     „  -,     -  — 

17.  Sli^tly  calcareous  dark-gray  shale 

18.  "  •  -  ■•        • 


lig:htly  calcareous  gray  clay,  with  abundant  shaly  scales. 
!aJcareous  gray  clay,  with  shaly  scales 


Light-^ray  limestone,  pure,' probably  massive  or  thick  bedded,  with  con- 


idal  fracture 

Light-gray  subcrystalline  limestone,  intermixed  with  dark-gray  shale 

Light^ray,  slightly  calcareous  shale  and  clay 

Dark-gray,  slightly  calcareous  clay 

Calcareous  gray  shale 

light-gray  cherty  limestone 

Light-gray  limestone,  dark-gray  calcareous  shale,  and  chert 

Li^t-gray  cherty  limestone 

Blue-gray  calcareous  shale 

Li^t  cherty  limestone  and  dark-gray  calcareous  shale 

Light-gray  and  dark  nodular  calcareous  shale 

Light-gray  siliceous  limestone  and  chert 

Light-buff  pulverulent  rock  containing  beautiful  crystals  of  carbonate  of 
lime  and  carbonate  of  iron,  and  leav.ng  a  considerable  residue  (probably 
siliceous  and  magnesian)  after  digestion  in  acid 

Dark-gray  arenaceous  shale,  light-gray  calcareous  shale,  and  crystals  of 
calcite. 


Li^t-gray  arenaceous  and  calcareous  shale  with  light-bufl  powder  like  that 

at  410  feet 

Blue  sparry  limestone  with  fossil  markings 

Shaly  Dlue  limestone 

Light-gray  and  dark-blue  shaly  limestone | 

Blue  limestone -. I 

Light-blue  sparry  limestone I 

Light-blue  cherty  and  arenaceous  limestone 

Gray  sparry  limestone  and  fine  fissile  blue  shale 

Massive  blue  shale  or  indurated  clay 

Fine  calcareous  sand 


Ft.  in. 
36     0 


9     0 


5  11 

10  0 

5  0 

3  2J 

1  91 

33  8 

17  4 


Depth. 


Ft.  in. 

36  0 

45  0 

46  0 

48  0 

49  1 

55  0 

65  0 

70  0 

73  2i 

75  0 

108  8 

126  0 


0 

6 

126 

6 

1 

9 

128 

3 

8 

3 

136 

6 

18 

6 

1.55 

0 

30 

0 

185 

0 

28 

0 

213 

0 

7 

0 

220 

0 

53 

0 

273 

0 

3 

0 

276 

0 

5 

6 

281 

6 

5 

0 

286 

6 

3 

6 

290 

0 

3D 

0 

320 

0 

5 

0 

325 

0 

10 

6 

335 

6 

:« 

6 

375 

0 

21 

0 

396 

0 

14      0  I    410      0 
72      0  i     482      0 


27 

0 

509 

0 

23 

0 

532 

0 

43 

0 

575 

0 

60 

0 

635 

0 

17 

0 

652 

0 

112 

0 

764 

0 

36 

0 

800 

0 

95 

0 

895 

0 

100 

0 

995 

0 

5 

0 

1,000 

0 
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The  following  summary  of  this  log  is  in  part  taken  from  a  table 
given  by  McGee,  who  compared  the  materials  and  thickness  of  the 
several  strata  penetrated  with  the  general  sections  developed  by  the 
State  surveys  of  Missouri,  Illinois,  and  Iowa  (a  sort  of  composite  of 
which  was  prepared  for  use  in  prognosticating  the  results  of  the 
boring) : 

Summary  of  log  of  well  at  liacon,  Macon  County, 


System. 

Formation. 

Petrographic  character. 

Numbers 

In  Mo- 
Gee's  log. 

Thick, 
nesi. 

1 

Lower  Pennsylvanlan. 
St.  Louis 

Shales,  clay  beds,  Ilmestones.coal  seams. 

Limestone 

Somewhat  (^careous  shales 

!         2-17 
20-22 

'        34-37 

Fed. 
215 
3S 

Keokuk 

62 

Burlington 

Kindorhook 

Hamilton  o 

Nodular  calcareous  shales 

«) 

Siliceous  limestones,  calca  reous  shales . . 
Shaly,  nonsilioeous  limestones 

15: 
2S 

Devonian 

(xVlaKara 

Cherty  limestone,  passing  Into  shale. . . 

Shales  or  indurated  clays 

Sandstone 

40 
41 

131 

Silurian 

Hudson 

Trenton  & 

100 

"  "Vise 

St.  Peter* 

1 

tX 

recognised. 

• 

..<« 

oNot 

b  Not  reached.                          •  Estimated. 

D.  B.  Moore,  of  Macon,  has  sunk  a  number  of  wells  ranging  from 
125  to  210  feet  in  depth,  and  has  preserved  a  careful  record  of  them. 
He  states  that  most  of  the  wells  driven  to  a  depth  of  150  to  200  feet 
are  dry,  and  that  most  of  the  water  used  in  that  vicinity  is  from  the 
drift.  George  Kohl  sunk  a  well  one-half  mile  west  of  Macon  to  a 
depth  of  60  feet  in  drift,  and  it  was  perfectly  dry.  At  a  distance  of 
75  feet  a  well  20  feet  deep  struck  water  that  rose  within  8  feet 
of  the  surface.  On  the  Pohlman's  farm,  7  miles  southeast  of  Macon, 
a  well  drilled  209  feet  deep  failed  to  get  water. 

Four  miles  southeast  of  Macon  is  a  well  owned  by  S.  T.  Brock  and 
drilled  by  S.  D.  Harris.  The  following  log  was  received  from  Messrs. 
M.  L.  Fuller  and  S.  Sanford: 

Log  of  Brock  well  near  Macon,  Macon  County, 


Surface  soil 

Joint  clay 

Sand,  with  a  small  vein  of  water 

Red  clay 

Sand  and  water 

Red  clay 

Blue  clay 

Fine  sand,  blue,  with  water  all  through  the  sand 


Thickness. 


Depth. 


Feet. 

Feet 

4 

4 

16 

SO 

2 

22 

18 

40 

3 

43 

37 

» 

15 

95 

20 

115 

The  water  rises  within  20  feet  of  the  surface  and  has  been  pimiped 
for  two  years.     The  beds  all  belong  to  the  Des  Moines  group. 


MACON   AND   MlLLfill   COUNTIES.  91 

Four  miles  northwest  of  Macon  is  a  well  owned  by  T.  E.  Wardell 
and  drilled  by  S.  D.  Harris.  The  following  log  was  received  from 
Messrs.  M.  L.  Fuller  and  S.  Sanford: 

Log  of  Wardell  well  near  Macon^  Macon  County. 


Plelstooene  (54  feet)  : 

Sunaoe  rock.  »oU  to  joint  clay 

Des  Moines  (110  feet): 

G  ray  aandatone 

Bolt  shale,  gray;  small  vein  of  water  rises  20  feet 

Hard  slate ! 

Coal 

Miasiaaippian  (136  fmt) : 

Blue  lime  rock 

White  lime  rock,  very  hard 

Lime  rock  which  was  very  hard  to  drill:  struck  water  in  seam  of  rock  at  200 
feet;  water  rises  within  90  feet  of  surface 


Thickness. !   Depth. 
Feet. 


Feet. 
54 


1 


54 


94 

160 

161 

3  I  164 

26  I  190 

70  I  260 


MILLER   COUNTY. 
OLE AN. 

There  are  several  wells  in  and  around  Olean,  Miller  County,  on 
Blythes  Fork.  One,  owned  by  the  Olean  Canning  Company,  in  sec. 
12,  T.  42,  R.  15,  at  an  altitude  of  746  feet  above  tide,  is  56  feet  deep. 
Flowing  water  was  found  at  the  bottom.  The  well  was  drilled  in 
1893  and  no  change  in  the  flow  has  ever  been  noted.  The  water  is 
softer  than  that  in  the  shallow  dug  wells  of  the  vicinity  and  is  used 
for  the  boiler  at  the  canning  factory.  The  drill  passed  through  10 
feet  of  soil  and  creek  gravel  and  40  feet  of  broken  flint  and  sand- 
stone. In  order  to  make  the  water  flow  into  the  casing,  the  pipe  is 
inclosed  in  a  bag  of  flaxseed  which  was  lowered  beyond  the  gravel 
layer.  The  seeds  swell  and  cut  off  the  escape  of  water  through  the 
river  gravel.     The  cost  of  the  well  was  $50. 

Another  well  is  located  near  the  flouring  mill  of  Joseph  Gutter- 
meier,  in  sec.  1,  T.  42,  R.  15.  It  was  drilled  in  1893  with  a  7-inch 
bore  to  a  depth  of  85  feet.  The  flow  of  water,  about  110  gallons  per 
hour,  does  not  vary  ordinarily,  but  it  may  be  decreased  by  pumping. 
At  a  depth  of  50  feet  water  was  struck  that  rose  within  4  feet  of  the 
surface;  at  a  depth  of  85  feet  it  flowed.  The  water  is  soft,  with  a 
slight  odor  of  sulphur.  It  is  used  for  drinking  and  for  the  boiler  at 
the  flouring  mill.  The  altitude  of  the  curb  is  764  feet.  The  cost  of 
drilling  was  75  cents  per  foot,  or  $64  for  the  entire  work.  The  fol- 
lowing is  the  log  of  the  well : 

Log  of  GuUenneier  well  near  Olean,  Miller  County. 

I  Thicluipss.  I   Depth. 


Boll  and  gravel 

limestone  and  flint . 

Shale 

Sandstone 


Feet. 
4 

Feet. 

4 

78 

82 

2 

84 

1 

85 
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On  his  place  near  the  railway  station  at  Olean  Mr,  J.  C.  Johnston 
drilled  a  well,  with  a  6-inch  bore,  to  a  depth  of  67 J  feet.  The  water 
rose  to  the  surface  from  the  bottom  of  the  well  and  flows  7i  gallons 
per  minute.  It  is  soft  and  is  used  for  household  purposes.  Hie 
drill  passed  through  10  feet  of  soil  and  57*  feet  of  chert  and  sand- 
stone. 

A  second  well,  at  an  altitude  of  754  feet  above  tide,  was  sunk  in  a 
farmyard  adjoining  the  one  just  described.  This  well  is  the  lowest 
in  the  group,  and  when  allowed  to  flow  full  head  it  will,  in  a  short  time, 
cause  all  the  others  to  stop  flowing,  except  the  one  at  the  flour- 
ing mill  one -half  mile  north  of  Olean.  The  water  is  soft.  The  wdl 
cost  $80. 

Another  well,  located  at  the  Franklin,  Lux  &  Proctor  livery  stable, 
was  drilled  in  1901,  with  a  6-inch  bore,  to  a  depth  of  50  feet.  At  the 
depth  of  25  feet  the  water  rose  to  the  surface.  It  is  moderately  soft 
and  is  used  in  the  livery  stable.  The  well  cost  $50.  The  w^ells  at 
the  livery  stable  and  store  have  ceased  to  flow,  owing  probably  to 
leakage  in  the  pipe  and  to  the  sinking  of  neighboring  wells  at  lower 
levels. 

The  general  dip  of  the  sandstone  strata  overlain  by  impervious 
shale  in  this  region  gives  rise  to  conditions  favorable  to  artesian  flow; 
but  it  is  probaole  that  a  flow  could  be  obtained  at  no  point  in  this 
vicinity  having  an  altitude  of  over  775  feet  above  tide.  All  the 
Miller  County  wells  probably  obtain  water  from  either  the  Roubi- 
doux  formation  or  the  Gasconade  limestone. 

Ball  and  Smith  ^  state  that — 

One  of  the  drill  holes  at  the  Son  prospect,  in  sec.  19,  T.  41,  R.  15  W.,  is  a  flowing 
well.  This  is  situated  near  the  top  of  the  Gasconade  limestone  and  is  12  feet  above 
the  bottom  of  Little  Gravois  Creek.  The  hole  is  140  feet  deep,  no  water  having  been 
struck  up  to  100  feet.  *  *  *  In  the  bottom  of  Baileys  Branch,  2 J  miles  north- 
west of  Iberia,  Greorge  Graves  obtained  a  flowing  well  at  60  feet,  in  the  Gasconade 
limestone. 

MONFTEAU   COUNTY. 

CALIFORNIA.   *> 

About  7  miles  east  of  California,  in  sec.  17,  T.  45,  R.  14,  on  the  south 
side  of  the  road  leading  to  that  town,  is  a  well  owned  by  Karl  Messerli. 
It  is  in  a  valley  somewhat  lower  than  the  town.  The  well  was  com- 
pleted May  8,  1902,  and  is  265  feet  deep,  with  a  5J-inch  bore.  The 
strongest  flow  was  obtained  at  90  feet  and  had  its  source  in  limestone 
and  flint.     Two  water-bearing  beds  were  found,  at  30  and  60  feet. 

a  Ball,  S.  H.,  and  Smith,  A.  F.,  Gc«)logy  of  Miller  County:  Missouri  Bureau  Geology  and  Mines,  ad 
ser.,  vol.  1,  1903,  p.  196. 

b  For  data  regarding  tht^se  wells  the  writer  ia  indebted  to  Mr.  E.  B.  Fulkes,  of  the  Missouri  Botan- 
ical Oarden,  St.  Louis,  who  drilled  them. 
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The  water  is  clear,  cold,  and  hard.  This  wellis  about  200  yards  east 
of  a  dwelling  house  and  cheese  factory,  both  of  which  are  supplied 
with  water  from  a  running  spring.  The  well  lessened  the  flow  of  the 
spring,  but  did  not  stop  it.     The  following  log  of  the  well  was  obtained : 

Log  of  Messerli  well,  near  California^  Moniteau  County. 


Soil 

Flint  bowlders . . 

Limestone 

Hard  sandstone . 
Limestone 


Thickness. 

Depth. 

Feet. 

3 

22 

113 

8 

119 

Feet. 
3 

25 

138 

146 

265 

This  well  obtains  water  from  the  Jeflferson  City  limestone.  Another, 
on  the  same  farm,  about  1,000  feet  farther  west,  near  a  small  stream, 
was  drilled  in  1902  to  a  depth  of  182  feet,  with  a  5J-inch  bore.  Water 
was  struck  first  in  limestone,  at  a  depth  of  40  feet.  When  the  well 
reached  65  feet  the  water  ran  over  the  top  of  the  pipe  in  a  small 
stream,  the  force  increasing  to  a  depth  of  105  feet,  when  the  flow 
became  strong  enough  to  raise  the  full  column  of  water  to  a  height  of  3 
feet.  The  water  is  clear,  cold,  and  hard.  This  well  stopped  the  flow 
of  the  other  well  and  of  the  cheese-factory  spring.  Later,  a  cap  was 
placed  on  the  top  of  the  casing  and  the  other  well  and  spring  again 
became  active. 

The  Crown  Mining  Company,  of  California,  drilled  a  well  IJ  miles 
east  of  town,  on  the  north  side  of  the  road,  in  the  N.i  SE.  }  sec.  23, 
T.  45,  R.  15,  in  a  valley  which  is  considerably  lower  than  the  court- 
house. This  well  was  drilled  to  a  depth  of  175  feet,  with  a  5}-inch 
bore,  and  completed  in  August,  1902.  The  water  rises  within  6  feet 
of  the  surface.  It  is  clear,  cold,  hard,  and  charged  with  sulphureted 
hydrogen.     The  following  log  was  obtained: 

Log  of  Crown  Mining  Company  welly  near  California^  Moniteau  County. 


Son  and  gravel 

limestone 

Bowlders,  blue  clay,  and  Iron  pyrites 

Limestone,  flint  bowlders,  ana  some  zinc  at  80  feet.. 

Solid  limestone 

Bowlders,  limestone,  flint,  blue  clay,  and  slate 

Umestone 


Thickness. 

1 

Depth. 

Feet.      1 

Feet. 

9  I 

9 

41  i 

50 

25t 

75 

30  1 

105 

35  1 

140 

14 

154 

21 

175 

Flowing  wells  are  also  found  in  sec.  1,  T.  43,  R.  17;  sec.  6,  T.  44, 
R.  17,  and  sec.  10,  T.  44,  R.  14.  All  these  wells  obtain  water  from  the 
Jefferson  City  limestone,  and  their  artesian  source  is  on  the  western 
slopes  of  the  Ozarks. 
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MORGAN   CX)UNTY. 


PORTUNA   DISTRICT. 


In  Morgan  County  and  near  Fortuna,  Moniteau  County,  in  T.  44, 
R.  17,  according  to  the  statement  of  Mr.  E.  A.  Pettibone,  there  are 
about  20  flowing  wells.  These  were  all  prospect  holes  sunk  by  lead 
and  zinc  mining  companies.  The  water  is  obtained  from  flint  beds  at 
the  base  of  the  BurUngton  limestone.  None  of  these  wells  are  utilized, 
but  they  demonstrate  the  existence  of  another  interesting  artesian 
district.     Their  catchment  area  is  to  the  southeast,  and  the  rocks  of 
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Fio.  3.— Group  of  artesian  wells  on  Straight  Fork  of  Moreau  Creek,  near  Fortuna. 

this  region  dip  to  the  northwest  along  the  western  slope  of  the  Ozark 
dome.  The  wells  all  lie  along  the  valley  of  Straight  Fork  of  Moreau 
Creek  and  may  be  located  by  means  of  the  accompanying  sketch  map 
(fig.  3). 

No.  1,  the  Singer  well,  and  No.  2,  on  the  Hutchinson  tract,  are  200 
feet  deep.  The  water  was  struck  at  a  depth  of  about  140  feet,  and  the 
flow  is  strong.  No.  3  is  a  group  of  three  wells  on  the  Capellar  &  Osier 
tract,  each  200  fefet  deep,  with  a  flow  of  water  rising  from  a  depth  of  133 
feet.  No.  4  is  a  group  of  four  wells  on  the  Woodyard  and  Parkers- 
burg  Lead  and  Zinc  Company^s  tract,  all  200  feet  deep,  with  wat^ 
reached  at  about  40  feet.  No.  5  is  a  group  of  four  wells  on  the  Mis- 
souri Lead  and  Zinc  Mining  Company's  tract,  each  200  feet  deep,  with 
a  flow  struck  at  100  feet.     No.  6  is  a  well  on  the  Dug  Hayes  property. 
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200  feet  deep,  with  flowing  water  reached  at  40  feet.  No.  7  is  a  well 
on  the  Newkirk  tract,  200  feet  deep,  with  flowing  water  reached 
between  156  and  160  feet.  No.  8  is  a  well  on  the  Dug  Hayes  tract 
Xo.  2,  200  feet  deep,  with  flowing  water  at  120  feet.  No.  9  is  a  well 
100  feet  deep,  sunk  by  Milton  McDaniel  about  15  feet  above  the  bed 
of  a  httle  draw  and  40  feet  above  the  middle  branch  of  Moreau  River. 
This  is  the  farthest  well  to  the  south  and  has  a  barometric  altitude  of 
869  feet,  the  altitude  of  Fortuna  being  959  feet.  The  water  in  all 
these  wells  is  clear,  cold,  and  hard,  typical  of  the  Burlington  lime- 
stone. The  temperature  of  those  tested  is  59°  F.,  with  an  air  tem- 
perature of  about  80°  F. 

Near  Fortuna  is  a  well  owned  by  the  Mary  M.  Mining  Company  and 
drilled  by  Charles  E.  Miller.  The  following  log  was  received  from 
Messrs.  M.  L.  Fuller  and  S.  Sanford: 

Log  of  well  of  Mary  M.  Mining  Company  f  near  Fortuna j  Moniteau  County, 


SoilaodcUT. 
Bock. 


limeatone 

Magnesi*  limMtone 

Magnfiiiia  limMtone  and  roondic. . . 
Limestone,  pink  spar,  and  mondic. 

limMtoae  and  flint 

Limestone  and  flint,  Jack  shines . . . 

limestone,  pink  roar,  jack  shines 

limestone,  black  flint,  very  good  Jack  and  lead, 
limestone,  black  flint,  very  good  jack  I 
limestone,  white  flint,  smalTshines. 
Limestone,  black  flint,  Jack  shines. . 

AH  pink  spar 

Pink  HMr  and  black  flint 

Limestone  and  pink  q>ar 

limestone,  jack  shines 

limestone  and  flint,  Jack  proq;>ect. . 


L  and  betts. 


Thickness. 

Depth. 

Feet, 

Feet, 

10 

10 

16 

25 

25 

50 

10 

60 

10 

70 

10 

80 

10 

90 

10 

100 

10 

110 

11 

121 

14 

135 

15 

150 

10 

160 

6 

166 

15 

181 

5 

186 

5 

191 

20 

211 

This  wen  is  probably  all  in  the  Jefferson  City  limestone. 

BLUFF  SPRING   AND  OLBN8TBAD. 

Mr.  J.  F.  Todd  states  that  there  is  a  strong  flowing  well  in  an  old 
prospect  hole  in  the  NE  },sec.  11,  T.  44,  R.  18,  in  Morgan  County, 
rithin  a  quarter  of  a  mile  of  the  Bluff  Spring  mines;  also  another  a 
nile  east  and  a  quarter  of  a  mile  north  of  Glenstead,  Morgan  County, 
n  sec.  6,  T.  43,  R.  17.     Neither  of  these  two  wells  was  visited. 

PETTIS    COUNTY. 


HUOHE8VILLE. 


Two  miles  northwest  of  Hughesville,  Pettis  County,  is  a  well  owned 
)y  Raymond  Voigt  and  drilled  by  J.  B.  Ellison.     The  following  log 
¥as  received  from  Messrs.  M.  L.  Fuller  and  S.  Sanford : 
Log  of  Voigt  welly  near  Hughesville,  Pettis  County. 


reilow  day.  stiff 

Uue  t^y,  mud  and  sand  mixed,  stiff  and  waxy. 
reiy  hard  cotton  rock,  gray 


Thickness.     Depth. 


Feet. 
30 
170 
53 


Feet. 
30 
200 
253 
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At  Pettis,  Pettis  County,  is  a  well  owned  by  Elijah  Hatsenpiller  and 
drilled  by  G.  W.  Yeager.  The  following  log  was  received  from  Me^rs. 
M.  L.  Fuller  and  S.  Sanford: 

Log  of  the  UatsenpUler  welly  PeitiSj  Peltis  County. 


Soil 

Clay 

Bowlders  and  clay 

Hard  blue  limestone,  some  gray 

Blue  clay,  gravel,  sand,  flint  rock,  and  particles  of  iron 
••Cotton"  rock,  black  sand 


Thickoeas. 

Depth. 

Feet. 

FtH 

30 

29 

'^ 

4) 

78 

1> 

97 

2i:. 

15  1 

31 

2 

222 

The  former  Sedalia  water  supply  from  Flat  Creek  having  proved 
insufficient  in  time  of  drought,  the  Sedalia  Water  and  Light  Company 
drilled  a  deep  well  about  1  mile  southeast  of  Forest  Park  in  the  valley 
of  Flat  Creek,  3  miles  south  of  the  city.     Five  other  wells  have  been 


SanOstone  :•:• 
(Quarry  ^ 


Fig.  4.— Diagram  of  the  Sedalia  waterworks  wells. 

sunk,  as  indicated  in  fig.  4.  Well  No.  1  was  drilled  to  a  depth  of  670 
feet.  At  620  feet  a  gray  sandy  flint  12  feet  thick  was  struck,  then  a 
softer  gray  sandy  rock,  with  an  intercalated  bed  of  soft  blue  clay  S 
feet  thick.  Under  this  was  found  a  harder  dark  sandy  formation  in 
which  drilling  was  stopped  because  of  bad  ground  and  the  fear  that 
the  jars  might  get  fast.  Well  No.  2,  completed  in  1901,  is  at  an  eleva- 
tion of  about  800  feet  above  tide.     The  diameter  of  the  casing  is  8 
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inches.  The  surface  formation  is  Burlington  limestone.  The  log  of 
the  well  and  other  information  concerning  it  have  been  furnished  by- 
Mr.  L.  P.  Andrews,  president  of  the  water  and  light  company. 

Log  of  well  No.  t  of  Sedalia  Water  and  Light  Company ^  Sedalia^  Pettis  County, 


Thickness. 

Depth. 

PleistoceDe  (2Sfe«t): 

Soil 

Feet. 
15 
10 

27 
20 
5 
87 
24 
13 
25 

23 

17 
23 

71 

25 
22 
50 
54 

Feet. 
15 

Sand  and  gravel 

25 

Miasissippian  (201  ff«t:  BarUngton  52  feet,  KInderhook  149  feet): 

Llniestone  (cotton  rock) .  *. 

53 

l*ini«=M«toiw  and  flint , 

72 

Hard  flint 

77 

LimestOBe  and  flint 

164 

G  ray  limestone      

188 

Sandy  limestone 

201 

•    Cotton  rock 

226 

DevonUn  (23  feet): 

Limestone  and  flint 

249 

Joachim  limestone  (40  feet): 

Hard  flint 

266 

Limestone 

280 

St.  Peter  sandstone  (71  feet): 

White  sand  rock 

360 

Jeflterson  City  limestone  (151  feet): 

Limestone 

385 

Limestone  and  flint 

407 

White  limestone 

457 

Limestone  and  flint 

511 

The  correlations  in  this  log  have  been  made  by  a  comparison  of  the 
record  of  this  well  with  those  of  well  No.  1,  670  feet  deep,  and  of  the 
Forest  Park  well,  1,612  feet  deep.  The  Jefferson  City  limestone 
extends  to  a  depth  of  620  feet,  and  is  followed  by  380  ( ?)  feet  of  the 
Roubidoux  and  612  feet  of  Cambrian  or  Archean.  The  driller  who 
sunk  the  Forest  Park  well  stated  that  he  could  not  remember  the 
whole  log,  but  distinctly  recalled  th6  fact  that  the  last  400  feet  was  in 
hard  white  sandstone. 

The  late  Mr.  R.  A.  Blair*  gave  the  following  section  at  Sedalia,  and 
it  checks  remarkably  well  with  the  drill  section: 

Generalized  section  at  Sedalia^  Pettis  County, 

Feet. 

Burlington  limestone 70 

Chouteau  (Kinderhook) 140 

Devonian 30 

Silurian  (Cambrian) 75  + 

The  water  in  well  No.  2  rises  18  inches  above  the  surface. 

a  The  SediOiiui,  Decemljer,  1903,  p.  20. 
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Analytii  of  water  from  deep  well  No.  t  at  SedaHa,  ^ 

[AnMXyMB  by  St.  Louli  BampHiy  Works,  July  18, 1902.] 
Parts  per  million, 


Puts  per  niffioi. 
Chlorine  (a) 2.7 


Residue  on  evaporation. 
Residue  on  ignition 


2H.\ 
316 


Silica  (SiOj) 8. 2 

Calcium  (Ca) 62 

Magnesium  (Mg) 34 

Sodium  (Na) 1. 8 

Carbonate  radicle  (CO,) 164 

Sulphate  radicle  (SO4) 22 

Water  in  shallow  wells  in  Sedalia  is  too  highly  charged  with  lime 
and  magnesia  sulphates  and  carbonates  to  be  good  for  either  boikr 
or  drinking  purposes;  but  that  city  has  now,  with  these  inexhaasli- 
ble  deep  wells,  one  of  the  best  water  supplies  in  the  country.  The 
main  flow  comes  from  the  St.  Peter  sandstone,  at  a  depth  of  289  to 
360  feet. 

A  deep  well  in  Forest  Park,  about  a  mile  north  of  the  waterworks 
wells,  was  drilled  in  1893.  The  following  log  was  contributed  by 
Mr.  F.  A.  Sampson,  of  Columbia: 

Log  of  deep  well  at  Forest  Parky  near  Sedalia,  Pettis  County, 


Soil 

Coarse  sandy  yellow  limestone,  with  wtilte  cliert 

Gray  stialy,  earttiv  limestone,  with  some  wtilte  chert  and  ciinoid  items 

Light-gray  crystalline  limestone,  with  some  white  chert 

Fine-grained  gray  magneslan  limestone , 

Darker-grav  crystalline  roagnesian  limestone,  with  bluish  and  white  flint 

Very  fine  white  quartz  sand 

Grayish- white  magnesian  limestone;  some  shoi^s  oolitic  structure  with  fine 

quartz  grains  and  very  little  white  flint , 

Fine  white  limestone  and  fine  white  quartz 

Fine  quartz  sand,  nearly  pure 

Whitish  magnesian  limestone,  with  some  whitish  flint 

Whitish-gray  magnesian  limestone)  resembles  fine  sand  (may  contain  sand). .. 

Fine  while  quartz  sand 

White  and  reddish  crystalline  limestone  (marble) , 

Coarse  white  quartz  sand 

Fine-grained  sand  with  a  little  flint 

Olive-gretm  shale  and  a  little  white  calcite 

Dark-gray  magnesian  limestone  and  white  sandstone 

Coarse  sand,  dark  gray,  with  traces  of  a  homblende-hke  mineral 

Olive  and  greenish-gray  shale,  with  sand  like  preceding 

Gray  quartz  sand,  with  greenish  shale  and  fine  grains  resembling  hornblende.. 

Gray  quartz  sand,  ferruginous 

Fine  quartz  sand  with  mica;  light  quart/  sand  at  1,470  feet 

Course  round  white  sand;  transparent,  good  glass  sand 

Fine  reddish-white  sand 


This  log  differs  somewhat  from  those  of  several  of  the  water- 
works wells,  which  check  closely  with  each  other.  The  large  amount 
of  sandstone  shown  in  this  record  is  diflBcult  to  account  for.  Several 
parties  who  saw  the  drillings  state  that  the  last  400  or  500  feet  was 


a  Expressed  by  analyst  In  grains  per  gallon  and  hypothetical  combinations;  reoompated  to  kntic 
form  and  parts  per  million  at  United  States  Geological  Survey. 


PETTIS  COUNTY.  99 

hard  white  sandstone.  From  the  log,  as  given,  the  last  200  or  300 
feet  might  be  either  the  La  Motte  sandstone  or,  possibly,  the  Archean 
quartz  or  porphyry.  This  well  is  about  20  feet  higher  than  the 
waterworks  wells,  and  water  rises  within  6  feet  of  the  surface.  Cor- 
relations made  from  this  record  would  vary  somewhat  from  those  of 
the  waterworks  wells? 

The  artesian  pressure  comes  from  the  catchment  basin  in  Morgan 
County,  in  the  Ozarks.  Section  3  (PL  IV,  p.  30)  illustrates  the 
artesian  conditions  in  this  vicinity. 

BIOTHTON. 

On  a  farm  near  Smithton,  Pettis  Coimty,  in  a  stream  bed  in  sec. 
11,  T.  45,  R.  20,  is  a  well  owned  by  Dr.  W.  C.  Page.  It  was  drilled 
in  1901  to  a  depth  of  146  feet,  with  a  6J-inch  bore,  and  cased  to  a 
depth  of  15  feet.  Water  was  struck  at  the  bottom  in  rock  and  rises 
to  the  surface.  It  is  clear,  cold,  and  soft,  and  has  a  mineral  taste: 
No  log  was  kept  and  no  analysis  has  been  made. 

The  description  of  another  well  in  the  immediate  vicinity  is  given 
for  the  sake  of  the  log.  This  well,  which  is  not  flowing  because  of 
its  situation  on  a  high  plateau,  is  4  miles  west  of  Smithton,  Pettis 
County,  in  sec.  7,  T.  45,  R.  20,  on  a  farm  owned  by  Mr.  Gabbatt,  of 
Sedalia.  It  was  drilled  to  a  depth  of  215  feet,  with  a  6-inch  bore, 
and  cased  26  feet  with  a  6i-inch  casing.  Water  was  foimd  at  1754- 
feet  in  sand  and  at  198  feet  in  gravel.  The  water  is  reasonably 
soft.  It  rises  within  140  feet  of  the  surface.  It  is  raised  by  a  pump 
worked  by  a  gasoline  engine  which  cost  $300.  The  water  is  used 
for  stock  and  drinking  purposes.  The  well  was  drilled  by  W.  C. 
Ellison,  of  Smithton,  at  a  cost  of  $150.  The  water  of  this  well  prob- 
ably has  its  source  in  Devonian  rock. 

Log  of  Gabbatt  well,  near  Smithton,  Pettis  County. 


Soil  ftnd  yellow  cUy 

YeUow  Hmestooe 

Blue,  grmy,  aod  black  limestone 

"Cotton  rock" 

Fine  wbite  sand 

"Cotton  rook,"  flint,  and  ffrav  limestone. 

Qrarel,  white,  gray,  and  black 

Very  dark  lime  and  flint 


Thickn 

ess. 

Depth. 

Ft. 

in. 

Ft.  in. 

20 

0 

20     0 

15 

0 

35     0 

75 

0 

110     0 

65 

0 

175      0 

8 

175      8 

23 

0 

198      8 

1 

4 

200      0 

15 

0 

215      0 
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At  Smithton  is  a  well  owned  by  James  Ringen  and  drilled  by  George 
Yeager.  The  following  log  was  received  from  Messrs.  M.  L.  Fuller 
and  S.  Sanford: 

Log  of  Ringen  well,  Smithton,  Pettis  County. 


Sou 

G  ravel 

Clay 

Gray  limestone,  yellow  seams 

Limestone  and  sand,  some  flint  gravel 

Crevice  in  rock;  roar  as  if  water  running,  but  none  was  found. 
Cotton  rock 

Crevice;  struck  sand  and  plenty  of  water. 


Thickness.;   Depth. 


Feet.      ,  Ftd. 

3  3 

4  12 
28  '  40 

10  I  50 

20  1  70 


RALLS   COUNTY. 
NADINE. 


Three-efghths  of  a  mile  north  of  Nadine,  Ralls  Comity,  in  sec.  26. 
T.  53,  R.  6,  is  a  well  owned  by  George  W.  Colvert.  The  following 
log  was  received  from  Messrs.  M.  L.  Fuller  and  S.  Sanford: 

Log  of  Colvert  well  near  NacHney  Ralls  County. 


I  Thickness. 


Depth. 


Feet.      I     Fut. 


Solid  clay 50 

G  ravel  or  shell  rock I  5 

Hard  rock,  but  not  limestone I  13 

"Soapstone" 7 

Slate 5 

Coal 2i 

Fire  clay 17J 

Hard  rock,  limestone I  8SI 


at 

55 

75 

» 

1(10 


Seven  miles  south  of  Perry,  Ralls  County,  is  a  well  owned  by  G.  W. 
Allen  and  drilled  by  W.  H.  La  Due.  The  following  log  was  received 
from  Messrs.  M.  L.  Fuller  and  S.  Sanford: 

Log  of  Allen  well  near  Perry,  Ralls  County. 


Soil  and  yellow  clay. 

Fin?  clay 

Limestone  rock 

* '  Soapstone  " 

Brown  lime  rock 

"Soapstone" 

Lime  rock 

Sand  rock 


Thickness.    Depth- 


Feet.  FeeL 

40  '  « 

40;  » 

110  190 

12  aoe 

60  '  28* 

20  ,  VQ 

78  3» 

35i  m 
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Six  mile^southwest  of  Perry  i^  a  well  owned  by  John  Clever  and 
drilled  by  W.  Smith.  The  following  log  was  received  from  Messrs. 
M.  L.  Fuller  and  S.  Sanford: 


Log  of  Clever  well  near  Perry ^  Ralls  County. 


Soil,  clay,  and  drift 

Flint  and  lime 

Lime 

Brownish-^ray  limestone 
White  limestone 


Depth. 


At  Ralls  is  a  well  owned  by  J.  A.  Clark  and  drilled  by  W.  H.  La  Due. 
The  following  log  was  received  from  Messrs.  M.  L.  Fuller  and  S. 
Sanford: 

Log  cf  Clark  well,  Ralls,  Ralls  County. 


Soil  and  yellow  clay 

Fire  clay,  or  potter's  clay 

Lime  rock,  with  a  thin  streak  of  "Soapstonc,"  at  90  feet 

Oil  and  gas  rock 

Limestone 

Red  sand  rock 

Limestone 

White  sandstone;  water 


Thickness. 

Depth. 

Feet. 

Feet. 

20 

20 

25 

45 

305 

350 

12 

362 

48 

410 

15 

425 

15 

440 

5 

445 

RANDOLPH    COUNTY. 
HIOBEE. 


At  Higbee,  in  sec.  17,  T.  52,  R.  14,  is  a  well  owned  by  the  city.    The 
following  log  was  received  from  Messrs.  M.  L.  Fuller  and  S.  Sanford : 

Log  of  well  at  Higbee,  Randolph  County. 


Son 

Soft  day 

Hard  day 

Sandy  day 

Blue  day 

Sand 

Rock;  water 

Gravel 

Qay 

Sand  rock 

Lhnestone;  water. 

Sandy  clay 

Sand  rock 

Limestone;  water. 


Thickness. , 

Depth. 

Feet. 

Feet. 

1 

1  1 

2 

1  1 

3 

7 

10 

10 

20 

5 

25 

3 

28 

4  ! 

32 

5 

47 

6 

53 

7  , 

60 

10 

70 

4  * 

74 

6 

80 

The  above  beds  all  belong  to  the  Des  Moines  group. 
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At  Moberly,  Randolph  County,  are  several  deep  nonflowing  wells. 
One-half  mile  west  of  the  city  the  water  company  smik  two  of  these, 
60  feet  apart  and  510  feet  deep.  The  waters  of  these  two  wells  are 
said  to  differ  in  composition  and  in  amomit.  The  deepest  well  in  the 
immediate  vicinity  of  these  two  is  southwest  of  the  waterworks  and 
was  drilled  to  a  depth  of  2,000  feet  in  search  of  oil.  The  writer  is 
indebted  to  Mr.  W.  H.  Jones,  of  Moberly,  for  the  log  of  this  well  and 
other  information.  Mr.  Jones  states  that  salt  water  was  struck 
between  800  and  900  feet.  The  percentage  of  salt  steadily  increased 
to  a  depth  of  1,200  feet,  below  which  the  water  became  fresher.  At  a 
depth  of  1,300  feet  a  hard  magnesian  water  was  struck,  and  at  2,000 
feet  the  salt  could  scarcely  be  tasted.  At  900  feet  5  gallons  of  water 
yielded,  on  evaporation,  1  pound  of  salt. 

The  meager  records  obtained  from  various  wells  drilled  in  this 
vicinity  seem  to  indicate  that  there  is  a  buried  channel  having  a 
northeast-southwest  trend,  as  wells  situated  a  few  himdred  feet 
apart  demonstrate  the  existence  of  an  ancient  valley  or  trough  in  the 
rock. 

The  log  of  the  Moberly  well  is  as  follows: 

Log  of  deep  well  at  Moberly  ^  Randolph  County. 


Pleistocene  (38  feet): 

Soil  and  gravel 

Des  Moines  (79  feet): 

Shale 

Fireclay 

White  sand 

St.  Louis  limestone  (19  feet): 

Blue  and  white  limestone 

Keokuk  limestone  (84  feet): 

Gray  sand  and  limestone 

Burlington  limestone  (75  feet): 

Blue  and  white  marble 

White  marble 

Limestone  and  sand 

White  limestone 

KInderhook  (212  feet): 

Blue  limestone 

Blue  limestone  with  slate  seams 

Blue  slate 

Gray  limestone 

O ray  slate ♦. 

Gray  limestone 

Blue  sand 

Devonian  (68  feet): 

G  ray  limestone 

Yellow  sand , 

White  slate 

"Niagara"  limestone  (95  feet): 

White  limestone 

Blue  limestone 

Green  slate 

Grav  limestone 

White  sand:  water 

Yellow  sand 

Slate;  cased  9|-inch  hole 

"Hudson  group"  (234  feet): 

Limestone 

Flake  or  egg-shell  limestone;  soft  water. . 

Gray  limestone  with  flint  and  iron  seams 

Gray  sand 


ThickiiMS. 


Feet 


Dtpth. 


Feet 


eo 

96 

7 

106 

12 

117 

19 

136 

84 

320 

30 

340 

10 

3» 

30 

280 

15 

395 

105 

400 

20 

430 

10 

430 

5 

435 

3 

437 

55 

403 

15 

507 

45 

5S2 

18 

SJO 

5 

575 

7 

58S 

12 

504 

3 

£97 

5 

eoB 

20 

m 

45 

067 

3 

670 

42 

713 

10 

731 

70 

7V3 

30 

833 

RANDOLPH   COUNTY. 
Log  of  deep  well  at  Moberly^  Randolph  County — Continued. 
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"  Hudson  group  "—Continued. 

Qrav  limefltone 

Pebuesand;  showing  of  oil 

Gray  sand 

Limestone :;.. 

Gray  sand 

Yellow  sand 

Blue  limestone 

Blue  sand 

Bl  oe  ditte 

"Trenton"  limestone  (131  feet): 

Limestone 

Sand 

Flint  and  limestone 

White  sand 

Joacfaim  limestone  (55  feet): 

LimestoiM,  flint,  and  sand 

St.  Peter  sandstone  (135  feet): 

White  sand  and  flinty 

Blue  sand  and  gray  jTmestone 

Salt,  sand,  and  water 

White  sand;  some  sulphur  water. 

H oneycombed  sand 

White  sand 

UndifferentUted  Cambrian  (465  feet): 

Limestone  and  flint 

White  limestone 

White  limestone  and  gray  sand . . 

Gray  sand 

Gray  sand  and  limestone 

White  sand 

Pine  gray  sand 

Gray  limestone 

White  sand 

Blue  limestone 

Sand 

Dark  limestone  or  Trenton  roclc. , 

Gray  sand 

No  record 


Thickness. 

Depth. 

Feet. 

Feet. 

8 

830 

10 

840 

20 

860 

4 

864 

5 

809 

10 

879 

15 

894 

8 

902 

2 

904 

28 

932 

18 

950 

80 

1,030 

5 

1,036 

55 

1,090 

15 

1,105 

35 

1,140 

10 

1,150 

52 

1,202 

8 

1,210 

15 
15 

1,225 
1.240 

I 


10 
72 
19 
27 
5 
12 
31 
42 
17 

163 
12 
40 

310 


1,250 
1,322 
1,341 
1,368 
1,373 
1,385 
1,416 
1,458 
1,475 
1,638 
1,650 
1,690 
2,000 


It  is  very  probable  that  most  of  the  sandstone  in  this  record  through 
the  last  thousand  feet  is  really  a  siliceous  limestone.  Samples  for 
study  could  not  be  obtained. 

At  632  feet  the  largest  amount  of  water,  which  was  excellent  for 
drinking  purposes,  was  reached,  in  a  white,  transparent  sandstone, 
the  grains  of  which  resembled  granulated  sugar.  This  was  probably 
Devonian  sandstone.  At  870  feet  salt  water  was  reached;  at  1,180 
feet  magnesia  water,  and  at  1,215  feet  very  salty  water,  probably 
from  the  St.  Peter  sandstone.  Water  stood  within  70  feet  of  the 
surface. 

RANDOLPH   SPRINGS. 

On  the  southern  slope  of  a  small  valley  adjoining  an  old  salt  lick, 
about  5  miles  west  of  Huntsville,  near  the  east  fork  of  Chariton 
River,  is  a  well  owned  by  Charles  Dameron.  Depth,  965  feet;  alti- 
tude above  tide,  about  708  feet;  temperature  of  water,  59°  F.;  of 
air,  83.5°  F.;  flow,  weak;  date  of  completion,  about  1869;  surface 
formation,  Des  Moines. 

A  few  feet  from  the  well  is  a  strong  brine  spring;  about  200  feet  to 
the  south,  and  slightly  higher,  is  a  chalybeate  spring;  100  feet  south- 
east of  the  latter,  and  still  higher,  is  a  shallow  alum  well ;  this  group 
iRB  196-07 8 
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constitutes  the  Randolph  Springs.  At  one  time  this  was  a  popular 
resort.  Considerable  water  was  then  shipped  to  various  points,  and 
as  early  as  1824  salt  was  manufactured.  When  the  well  was  sunk 
a  careful  log  was  kept,  but  it  has,  apparently,  been  lost. 

Mr.  Jacob  S.  Hunter,  a  member  of  the  original  company  that  sunk 
this  well,  writes  that  he  thinks  a  moderate  flow  of  sulphur  water  came 
from  the  last  100  feet.  It  is  interesting  to  note  that  the  water  of 
the  deep  well  is  much  less  saline  than  that  of  the  enighboring  brine 
spring.  This  well  was  sunk  in  the  hope  of  finding  oil.  The  water 
contains  a  small  amount  of  sulphureted  hydrogen,  and  deposits  a 
white  precipitate.     The  flow  is  about  120  gallons  per  hour. 

Schweitzer"  states  that  the  temperature  of  the  water  was  58^  F.. 
and  the  air  temperature  65°  F.  in  1892,  this  being  1°  cooler  than  was 
noted  by  the  writer  in  1904.  The  same  author  states :°  '*A  partial 
analysis  of  the  water  of  this  well  made  more  than  ten  years  ago  is 
printed  in  the  appendix."  On  page  233  of  the  appendix  he  gives 
an  analysis  which  must  be  referred  to  this  well,  but  which  he  says  is 
of  water  from  the  **salt  spring."  The  following  is  a  copy  of  this 
analysis: 

Analysis  of  water  from  salt  spring  at  Randolph  Medical  Springs.^ 
(Partly  analysed  in  March.  1881.) 


Parts  per  inUlioi]. 

Sulphate  radicle  (SO^) 435 

Chlorine  (01 ) 3, 304 


5,7^ 


Parts  per  million. 

SilicaCSiOa) 4.5 

Aluminum  (Al) 144 

Calcium  (Ca) 248 

Magnesium  (Mg) 52 

Sodium  (Na) 1,606 

In  another  place  (pp.  81,  82)  attention  is  called  to  the  relation  of 
some  of  these  deep  wells  to  adjoining  springs  and  to  the  presence 
of  calcium  chloride  as  indicating  fossil  brines  that  were  formed  in 
basins  shut  off  from  the  sea  at  an  early  period. 

SALINE    COUNTY. 


MALTA   BEND. 


At  Malta  Bend  is  a  well  owned  by  the  Saline  Oil  and  Development 
Company.  Its  depth  is  1,250  feet;  altitude,  690  feet;  casing,  81- 
inch,  789  feet;  flow,  320  gallons  per  minute;  temperature  of  water, 
61°  F.;  of  air,  82°  F.;  date  of  completion,  July,  1903;  driller,  Walker 
Morton,  Malta  Bend.  When  this  well  was  visited,  in  1903,  only  a 
few  samples  of  drillings — from  900  to  1,250  feet — could  l>e  had  for 

a  Missouri  GeoL  Survey,  vol.  3,  1892,  p.  73. 

b  Exprossod  by  analyst  in  grains  per  gallon  and  hjrpothotical  combinations;  rocomputcd  to  ionic 
form  and  parts  per  million  at  United  States  Geological  Survey. 
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examination.     The  driller  g;ave  the  missing  data  from  memory,  as 
follows : 

Log  of  well  at  Malta  Bend,  Saline  County. 


Pleistocene  (119  feet) : 

Soil 

C^uicksand,  rounded  flint  bowlders  at  base 

Des  Moines  (230  feet) : 

Shale  and  sandstone 

Mississippian  (400  feet) : 

Limestone 

Softer,  sandy  limestone,  and  10  feet  bluish  shale 

Devonian  and  Silurian  (?)  (190  feet) : 

Limes  tone 

St  Peter  sandstone  (80  feet) : 

Dark  sand 

Soft,  coarse  white  sandstone,  with  rounded  grains 

Jefferson  City  limestone  (225  feet) : 

Siliceous  ma^esian  limestone,  \vith  chert  or  blue  flint  with  calcite crystals. 
Roubidoux  sandstone  (90  feet+)  * 

Reddish-white  sandstone,  rounded,  polished  grains 

Siliceous  ma^esian  limestone,  with  calcite  crystals  and  pyrite,  dark  gray.. . 

Gray  sandstone,  fine  rounded  grains 


Thickness. 

Depth. 

Feet. 
19 
100 

Feet. 
19 
119 

230 

340 

300 
100 

649 
749 

100 

840 

50 
30 

899 
929 

225 

1,154 

20 
76 

1 

1,174 
1.249 
1,250 

No  analysis  of  this  water  has  been  made.  It  is  very  strongly  saline 
and  highly  charged  with  sulphureted  hydrogen.  It  is  one  of  the 
strongest  flowing  wells  in  the  State. 


At  Slater,  Saline  County,  a  well  was  smik  in  1898  to  a  depth  of  650 
feet.  It  was  cased  for  70  feet  with  10-inch  casing,  and  400  feet  farther 
with  6-inch  casing.  The  water,  which  contains  considerable  iron, 
rises  within  150  feet  of  the  surface,  the  main  supply  coming  from  the 
sandstone  at  the  bottom  of  the  well.  It  is  pumped  and  used  for 
domestic  purposes  and  protection  from  fire.  The  water  level  is 
slightly  lowered  after  continuous  pumping. 


SWEET  8PRIN08. 


About  a  quarter  of  a  mile  west  of  Sweet  Springs,  on  the  banks  of 
Black  Water  River,  is  a  well  about  which  the  following  information 
was  obtained:  Depth,  1,074  feet;  altitude,  about  670  feet;  casing, 
8-inch,  29  feet  to  rock;  temperature  of  water,  62°  F.;  of  air,  84°  F.; 
date  of  completion,  1902;  driller.  Jack  Hume,^  cost,  about  $3,000; 
surface  formation,  Burlington  limestone,  imder  Pleistocene. 

Log  of  well  at  Sweet  Springs,  Saline  County. 


Pleistocene  (29  feet) :  t 

SoU 

Gravel  and  sand 

Mississippian  (326  feet) : 

Limestone i 

Snapstone ! 

Limestone , 

Soapstone i 

Brown  limestone ' 

Sandstone ] 

Limestone 

Bactard  Umestooe  and  gravel 

Gray  limestone 

Wute  laodftoxie I 


Thickness. 

Depth. 

Frrt. 

Feet. 

27 

27 

2 

29 

41 

70 

10 

80 

1 

81 

12 

93 

92 

IM 

42 

227 

33 

200 

12 

272 

48 

320 

35 

355 
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Log  of  well  at  Sweet  Springa^  Saline  County — Continued. 


Devonian  and  Cambrian  (719  feet) : 

O  ray  limestone 

Gray  sandstone 

Soft  limestone 

Brown  sandstone , 

Soft  gr&y  limestone , 

Sandstone 

Gray  limestone 

Sandstone 

Limestone  and  sandstone 

Sandstone 

Dark  gray,  very  coarse  sandstone. 

Gray  sandstone 

Coarse  sandstone 

Sandstone 


Thickness. 

Depth. 

Fea. 

Fett, 

4 

39 

30 

» 

3 

X 

8 

m 

2 

m 

76 

Ci 

2 

«0 

59 

5» 

10 

S« 

75 

Gi 

12 

63& 

25 

m 

2 

m 

411 

1,074 

According  to  the  statement  of  the  driller  the  first  flow  of  water, 
which  was  weak,  was  struck  at  a  depth  of  300  feet,  just  above  what  is 
believed  to  be  the  Hannibal  sandstone,  this  formation  being  foimd  at 
depths  of  320  to  355  feet.  The  St.  Peter  sandstone  should  be  located 
either  between  402  and  478  feet,  which  would  give  a  thickness  of  76 
feet;  or,  as  is  more  probable,  between  557  and  624  feet,  which  would 
give  a  thickness  of  67  feet.  At  564  feet  the  strongest  flow  of  water 
was  obtained,  and  at  604  feet  the  first  strong  saline  water  was  found, 
facts  which  would  seem  to  indicate  that  the  St.  Peter  sandstone  is  the 
water-bearing  horizon  in  this  section.  It  is  quite  probable  that  some 
of  the  strata  marked  ''sandstone''  in  the  driller's  record  may  have 
been  siliceous  limestone.  This  has  been  the  case  in  a  number  of  other 
instances  where  the  writer  has  had  the  opportunity  of  comparing  the 
drillings  with  the  log.  Men  who  have  been  accustomed  to  drilling 
mainly  in  the  sandstones  and  shales  of  the  Pennsylvanian  are  very 
liable  to  confuse  the  siliceous  limestones  and  cherts  with  sandstones. 

The  water  gushes  out  with  great  force  from  an  8-inch  pipe,  which  is 
15  feet  high,  with  an  elbow  at  the  top.  The  flow  is  about  840  gallons 
per  minute.  When  the  well  was  first  opened  a  pipe  44  J  feet  long  was 
attached,  and  the  stream  was  carried  with  force  above  that  height. 
The  water  is  clear,  strongly  saline,  and  charged  with  sulphureted 
hydrogen.  It  deposits  a  white  precipitate  on  pipe,  stones,  and  soil. 
No  analysis  has  been  made. 


WARREN   COUNTT. 
WARRENTON. 


At  Warren  ton,  Warren  County,  in  sec.  28,  T.  47,  R.  2,  there  is  a 
well  400  feet  deep,  at  an  altitude  of  875  feet.  It  has  a  6-inch  casing 
for  about  100  feet  to  rock.  The  well  was  completed  in  1891.  A 
small  flow  of  water  was  struck  at  150  feet,  but  the  main  supply  was 
obtained  at  360  feet.  The  water,  which  is  rather  hard,  is  used  for  a 
steam  mill  and  town  supply.     The  cost  of  the  well  and  pumping 
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machinery  was  about  $900.     The  following  log,  together  with  other 
information,  was  furnished  by  Prof.  John  H.  Frick: 

Log  of  well  at  WarrerUon^  Warren  County, 


Drift  cUys 

Chert,  dMj,  and  gravel . 

limestone 

Sandy  limestone 

Ltg^t  gray  limestone . . . 

Blue  clay 

Gray  limestone 

'  •  Soapstone  " 

St.  Peter  sandstone 


Thickness. 

Depth. 

Feet. 

Feet. 

80 

80 

16 

96 

50 

146 

1 

147 

13 

160 

40 

200 

108 

308 

44 

352 

48+ 

400 

This  well  started  in  the  Mississippian. 

DECATURVILLE   DOME   DISTRICT. 

The  Decaturville  dome  district  includes  an  area  in  Camden,  Hick- 
ory, Miller,  and  Polk  counties  within  a  radius  of  about  30  miles  from 
Decaturville,  Camden  County.  The  district  is  small  and  is  somewhat 
arbitrarily  defined.  Flowing  wells  are  located  at  or  near  the  follow- 
ing places:  Carver,  Decaturville,  and  Hahatonka,  Camden  County; 
Aurora  Springs  and  Iberia,  Miller  Coimty;  Cross  Timbers  and  Pitts- 
burg, Hickory  Coimty;  CUquot  and  Goodson,  Polk  County. 

CAMDEN   COUNTY. 

CARVER. 

Two  miles  northwest  of  Carver,  on  the  east  side  of  the  road  between 
Climax  Springs  and  Proctor,  in  sec.  29,  T.  40,  R.  18,  in  a  valley  about 
60  feet  above  Osage  River,  is  a  well  owned  by  James  Hildebrand,  and 
drilled  by  John  Hays,  of  Versailles,  with  a  diamond-core  drill.  This 
well  was  completed  in  1901.  It  is901i  feet  deep,  with  a  2-inch  bore. 
The  water,  which  is  clear,  soft,  and  rather  warm,  rises  30  feet  above 
the  surface.  No  variation  in  flow  has  been  noticed.  The  well  prob- 
ably started  in  the  Gasconade  limestone. 

DECATURVILLE. 

At  Decaturville,  on  the  southern  border  of  Camden  Coimty,  the 
intrusion  of  a  dike  of  pegmatite  has  greatly  tilted  the  rocks  for  10  to 
15  miles  around,  producing  conditions  favorable  for  artesian  wells." 

Nine  hundred  feet  west  of  Samuel  Wheeler^s  place,  near  Decatur- 
ville, J.  N.  Kennett  sunk  a  well  300  feet  deep  for  mineral.     A  strong 

a  For  further  description  of  this  interesting  locality,  see  Shepard,  E.  M.,  The  spring  system  of  the 
DecaturviUe  dome,  Camden  County,  Mo.:  Water-Sup.  and  Irr.  Paper  No.  110,  U.  S.  Geol.  Survey,  1905, 
P.U3. 


108  TrNBRBaBOUKn   WATEBB   OP   MISSOtJftl. 

flfnv  vvMift  stnick  at  a  ciepth  of  200  feet.     Tliis  c^itititiuf'd  f*>r ! 

yeai^B,  but  crradiially  tlncliiuKl  until  all  artivitycetiscd.     Theme 
this  well  is  about  50  feet  lower  tliau  Pegmatite  UilL 

Tho  Ku8t  and  Scott  welli*  an^  ^iituated  on  the  land  of  Tip  W 
1  m\\v>  west  of  Gunters^  on  the  west  side  of  Banks  Cht?^k,  neariti 
tlon  with  Nian^ua  River»aud  kive^  separated  from  tho  Kello^ we 
ridfje  200  feet  high.     The.se  tw^o  holes  were  lioretl  foi*  iriiueral  in 

The  liu^t  well,  to  the  north,  is  7S0  feet  fieep.  The  first  flow  <«( 
was  ohtainc'il  at  OSO  f(*et,  Tho  temperature  of  thi*  wttl<*r  is  3 
and  tlnit  of  tlie  air  is  M°  F.  Coli»nel  S<'ott  states^  thai  ()i<* 
w^hif'h  18  clear  and  sjiarkling,  with  a  nlij^ht  oclcu'  of  sulpliureted  1 
gen,  rises  30  feet  above  the  surface.  No  dec^roase  in  pressun? h& 
noted, 

The  Scott  well  is  740  feet  deep,  and  is  situated  an  eighth  of  i 
fnnn  the  Ku^i  wt*!!,  on  tho  aamo  dtle  of  the  h ranch  and  tiose 
The  ikst  ilow  was  strut- k  at  G80  feot.  The  original  presstiTP  was 
Client  t^  raise  the  water  2t)  fef*t  above  the  surfiu'o,  1ml  now  (K' 
simply  flowfs  at  the  ^urfactv  T\\e  temperature  and  other  ph 
characters  are  the  same  as  in  the  llust  w^elh 

Partial  analyses  of  a  number  of  wells  and  sprin|>s  in  tWs  r 
incjudinf]:  "Bennett's  and  Gnntor's  springs  and  tlie  Le])n]i«'n  w.l! 
a  siinilaf  cliaractor  and  ('oni])()siti()ii  in  all,  a  fact  wliicli  j'->]i.n 
(l(M^j)-s('al(Ml  oriLrin  of  all  tli(\s(>  waters,  and  sconis  to  iiidi(;il*' .i  • 
soiiix-c  in  llic  catcliincnt  l)asiii  around  Pe^rmalite  Jlill.     Thr  ;  :• 
in  a  luiinlxT  of  these  watei's  of  a  small  amount  of  >o(liiir!i  v;i:l 
appareutlycoiijirnis  t  his  view,  and  shows  that  the   pcirnKiHt'  ' 
iu^  soda  h'ldspar  is  of  «i;r('ater  extent  underground  ihaii  al  i!:- 

IIAHATONKA. 

In  1902  Major  Rush  suidv  a  ^^■ell  ifi  seai'ch  of  ndiK-ral  <»ii  tin 
\\-est  side  of  llaliatojd<a  T^ake.  not  far  from  tlu*  island  and  1'  i 
f(M't  ahove  tli<'  level  of  the  lake.      It   is  S(;4  feet   deep.      Tli.'  li  ^ 
of  water  was   ohtaiued    at    S]()    feet.      The   water   r«»e  .;»".   t.ii 
th(^    sui'faee.      'J'his    well    was   started   prohahl}'    near    the   i"j' 
(iaseouade  liuiestoue  and  enchul  in  o  fe(*t  i»f  soft   >aud>lt'Hr.; 
of  the   I'>l\  ins    h)i'matioii.      I  id'oi'tufiately   no   reeoid  wa-oit:.- 
The  How   lia,^   materially   decreased.      The   t(un{>erat uic   "1    i'' 
is  ().)''  V.  with  an   aij-  tempei'at  ui'e  of  S""^  F.      Tln^  ^\at<M•  i- ■  !• 
warmei'  than    that    of    adjacent    springs,    and    has    a    ^liizhi     ' 
sul])hureted   hydrogen. 
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HICKORY   COUNTY. 

CROSS  TIMBERS. 


Five  miles  due  west  of  Cross  Timbers,  in  the  bottom  of  a  small 
stream  valley,  in  the  NW.  i  NW.  }  sec.  24,  T.  38,  R.  22,  are  tliree  wells 
o^ned  by  G.  W.  Crudginton  that  were  drilled  in  September,  1899,  in 
prospecting  for  lead  and  zinc,  to  the  depths  of  75,  90,  and  110  feet. 
Water  began  to  flow  from  a  depth  of  33  feet,  and  continued  to  do  so 
all  the  way  down.  No  perceptible  change  in  the  flow  has  ever  been 
noted.  The  three  wells  are  all  within  50  yards  of  one  another,  and 
at  about  the  same  elevation,  which  is  estimated,  barometrically,  as  535 
feet.  It  is  difficult  to  determine  the  flow  of  these  wells,  as  a  large 
amount  of  water  leaks  out  from  the  base  of  the  pipes.  The  well 
with  the  strongest  pressure  has  a  flow,  from  a  2i-inch  pipe,  estimated 
at  about  8  gallons  per  minute.  These  drill  holes  had  originally  a 
6-inch  bore  and  were  never  cased.  No  log  was  kept,  but  it  is  stated 
that  they  passed  through  limestone  all  the  way,  probably  starting  in 
the  Roubidoux.  The  following  analysis  of  the  water  from  the  deepest 
of  the  three  wxlls  was  made  by  Mr.  E.  E.  Ellis,  to  whom  the  writer  is 
indebted'  for  these  notes. 

Analysis  of  wcUer  from  well  No.  3  at  Cross  Timbers,  Hickory  County. 


Parts  per  million. 

Iron Trace. 

Calcium 380 

Total  hardness 152.9 

Total  carbonates 470. 4 

Alkaline  carlionatos  (normal) 0 

Alkaline  earthy  carbonates  (acid ) .  470. 4 


Parte  per  million. 

Sulphates 88 

Chlorides 14. 44 

Temperature  of  air,  64.2^  F. 
Temperature  of  water,  57.2*'  F. 
Color,  clear. 
Odor,  none. 


The  water  has  a  slight  odor  of  sulphnreted  hydrogen. 

PITTSBURG. 

In  1896  the  discovery  of  zinc  in  a  shallow  well  started  a  large 
amount  of  prospecting  in  the  neighborhood  of  Pittsburg,  and  several 
flowing  wells  were  obtained  from  these  prospect  holes.  These  wells 
seem  to  be  located  on  the  northwestern  slope  of  a  fold  extending  north- 
east and  southwest  through  this  region,  and  have  been  placed,  for 
convenience  of  description,  in  the  Decaturville  dome  district. 

Pittsburg  is  situated  in  the  southeast  comer  of  sec.  25,  T.  36,  R.  22, 
at  an  altitude,  barometrically,  of  1,155  feet,  or  90  feet  above  the  town 
of  Bolivar.  The  first  flowing  well  was  struck  on  the  land  of  J.  A. 
Williams,  in  the  northwest  comer  of  sec.  25,  T.  36,  R.  22.  It  was 
drilled  by  Mr.  Busby,  of  lola,  in  August,  1901,  with  a  6-inch  chimi 
drill,  to  a  depth  of  100  feet,  and  cost  $75.     Water  was  encountered  at 
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^  depth  of  20  f^t,  but  the  first  flow  camo  from  near  th^  bol 
tic  ntoutli  o(  the  well  is  a  little  less  tlian  100  feet  lower  than  the 
f  Pit Usburi?,  and  i^  probably  in  the  Jefferswim  City  limestone.    S<* 
ras  k^pt,  but  it  is  stated  that  the  drill  pas^od  through  Lime^Uot 
he  way.     No  variation  has  been  noted  in  the  flow,  which  is  t 
tream.     The  water  is  clear  and  odorle^ss.     The  air  temperatui*  tt 
r»p  and  the  w^ater  temperature  53°  F, 

The  well  (jn  the  land  of  S.  J,  Martin,  south  of  the  center  of  theSW. 
H.  2r\,  T.  30,  R.  22,  was  sunk  in  October,  1901,  X^i  a  depth  uf  mfm^ 
n\\\  a  H-inch  chuni  drill.  This  well  ha<I  at  firs^t  a  stronger  ftoi*  tha 
itiy  other  in  this  ^roup,  but  the  feirce  has  gradually  dtnuniduvj  fmi 
he  water  stands  3  feet  beloi*  the  surface. 

The  well  on  the  land  of  Y,  J.  Pett^,  in  the  center  of  the  W.  J  s«-4 
^  3fV,  R.  22^  on  the  top  of  a  hill,  is  00  feet  deep,  and  was  niailc  wfth* 
i-inch  cimrn  Hrill.  The  well  was  started  in  the  upper  part  of  di 
liirlington  limestone  about  S  feet  thick,  then  passed  thnmgb  infst 
ff  yellnw  nick  (Chouteau  limestone)  and  20  feet  of  blue  (llannibiri 
hale.  The  remainder  of  the  record  was  lost.  The  atisenrr  of  ^ 
ciwer  part  of  the  Burlington  all  through  this  re^on  is  notic«bk; 
?he  air  temperature  is  48°  F,,  the  water  temperature  53^  F. 

A  well  near  the  center  of  sec.  14,  T.  35,  R.  22,  owned  by  Lm.(l 
Mallonnee,  of  Pittsburg,  was  sunk  to  a  depth  of  !  10  fef*t,  in  OctokJ 
VMM,  with  rt  G-irich  churn  drill.  This  well  was  sturtc^l  in  wb;y 
rf>arsc-«^'iuiued  linicstonc  (the  upper  part  uf  the  nurlin*:tniii,  il^' l> 
thick:  it  then  pas.scfl  through  30  feel  ttf  sandslune  (Ihinnihtil  .  2«'^^ 
(if  hliic  slinlt's  (Ihituuljiib,  ant!  flint  to  the  li<ittn[ii.  It  is  ||oti^i'Jil'^ 
ihiil  ihrChnnU-aii  liincsturu*  is  absent.  Tlu*  wati^'  is  rnlurle^s  uivi^t  ^' 
h^s^4,  h  was  shuck  in  I  lie  Hannibal  sandstone,  ami  did  11^1  \\m\^ -v 
llu'  ^aiulstDur  wMs  ncaily  passed  thmugli,  after  \\hith  llie  ll«n\  ;: 
jslrun^t'j"  until  ihe  IjuMum  wiis  reached, 

AHLLEK    CCUXTY, 

U   HURA     sPFUVThS 

A  ItliU'  1(1  I  fjc  suuihca-^t  nf  Aurora  Springs,  Miller  (\nnUv,  iiksn  I 
T.  M  .  \\.  \7\,  a  shaft  was  sunk  to  a  dejjth  of  140  h^H,  in  prospcrlHi;:^^^ 
lead  and  zinr.     T!ie  well  is  ^^ituated  aboiit   12  feet  abnvi'  tlir  ln^r- 
nf  LJltle  (Jravnis  CrrH^k.     No  water  was  ^^^nit^k  until  a  def^tli  uf  1" 
feci  WHS  reaehinl:  below  tliis  the  well  ccuniuenced  to  How. 


Two  sind  one-half  juilcs  northwt^st  of  Iberia,  in  the  bottofH  '' 
Baileys  Iliaiieh,  is  w  well  on  the  farm  of  treor^^e  (I raves.  A  [1m«1''' 
ate  Mow  uf  water  wa^i  cfbtained  at  a  depth  of  00  feci,  ia  t'^ 
Gasconade  limes  tone, 


DECATUBVELLE   DOME   DISTRICT.  Ill 

POLK   COUNTY. 

CLIQUOT. 

Near  Cliquot  are  two  wells — one  owned  by  the  St.  Louis  and  San 
Francisco  Railroad  and  the  other  by  M.  C.  Shelton. 

The  raikoad  well,  in  sec.  8,  T.  34,  R.  23,  was  drilled  in  1901  by  W.  A. 
Hash,  of  Bolivar,  to  a  depth  of  262  feet,  the  first  196  feet  with  an  8-inch 
bore  and  the  last  66  feet  with  a  6-inch  bore.  Water  was  struck  at  40 
feet,  and  the  flow  increased  slowly  with  the  depth.  The  pressure  is 
sufficient  to  raise  the  water  in  a  pipe  15  or  20  feet  above  the  surface. 
A  pump  "is,  however,  used  to  force  the  water  into  a  water  tank  for 
engine  purposes.  The  water  is  clear^  colorless,  odorless,  and  cool. 
The  well  starts  in  what  is  probably  the  base  of  the  St.  Peter  sandstone. 
The  altitude  of  Cliquot  is  about  995  feet. 

The  Shelton  well  is  situated  in  the  center  of  sec.  17,  T.  34,  R.  23, 
three-fourths  of  a  mile  southeast  of  Cliquot,'  and  probably  50  feet 
higher  than  the  well  at  that  point.  It  is  only  10  feet  deep,  and 
passed  through  a  tough  yellow  clay  and  shale^  striking  a  hard  rock 
at  10  feet,  from  which  point  the  water  rose  and  flowed  out  at  the  sur- 
face. The  shale  was,  undoubtedly,  Hannibal  shale,  and  the  lime- 
stone either  Louisiana  or  "Sac'*  limestone. 

GOODSON. 

Near  Goodson  post-office,  9  miles  south  and  3  miles  east  of  Pitts- 
burg, is  a  well  that  was  originally  a  prospect  hole  for  lead  and  zinc. 
It  is  100  feet  deep  and  has  a  good  flow,  the  water  rising  6  feet  above 
the  surface. 

CLINTON-NEVADA  DISTRICT. 
GENERAL   ARTESIAN   CONDITIONS. 

The  Clinton-Nevada  district  includes  portions  of  Henry,  Vernon, 
Cass,  Bates,  St.  Clair,  and  Cedar  counties.  The  wells  in  this  district 
have  their  catchment  basin  in  the  Ozarks.  The  uniform  dip  of  the 
strata  to  the  west  and  northwest  is  continued  in  this  district  as  in 
the  districts  to  the  north.  In  this  district,  however,  the  conditions 
are  more  favorable  for  flowing  wells  than  farther  north,  as  the  alti- 
tude of  the  country  to  the  west  does  not  increase  so  rapidly. 

The  upturned  edges  of  the  Pennsylvanian  rocks  outcrop  succes- 
sively through  this  district.  Fairly  good  water  is  obtained  from  the 
sandstones  and  limestones  of  the  Pennsylvanian,  but  that  from  the 
shales  is  Uable  to  be  strongly  saline.  The  Mississippian  forms  a  fine 
water  table,  and  a  strong  body  of  water  is  usually  found  when  the  drill 
reaches  that  series. 

Large  shallow  ponds  or  lakes  and  swamps  extend  in  a  long  narrow 
belt  from  a  point  southwest  of  Nevada  for  a  distance  of  40  miles  to  the 
northwest.     Some  of  these  bodies  of  water  cover  several  himdred 
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acres  and  are  never  dry.  The  peculiar  topography  and  conditioa^ 
so  far  south  of  the  glaciated  area  immediately  impress  the  observer. 
It  is  said  that  these  ponds  contain  fresh,  pure  water  and  are  spring 
fed.  It  is  also  stated  that  a  person  wading  in  them  can  fe^l  the  cold 
jets  of  water  that  come  up  from  many  points  all  over  the  bottom. 
This  belt  of  lakes  and  swamps  seems  to  be  a  flat,  slightly  depressed 
area  with  a  somewhat  abrupt  eastern  side  that  rises  suddenly  to  a 
broad  valley  or  plain  from  40  to  60  feet  above  the  lake  valley.  Thi> 
outline  suggests  the  possibility  that  the  area  has  been  undermined 
by  the  numerous  springs  brought  up  by  artesian  pressure,  the  phe- 
nomena being  similar  to  those  observed  in  the  ^*sunk  district"  of 
southeastern  Missouri.  Flowing  wells  are  found  at  the  following: 
places u  Clinton,  Henry  County;  Nevada,  Richards,  Sheldon,  and 
Stotesbury,  Vernon  County;  and  near  Horse  Creek,  Barton  County. 

BARTON    COUNTY. 

HORSE   CREEK. 

In  the  middle  of  the  N.  i  sec.  2,  T.  33,  R.  29,  just  above  the  level  of 
a  little  branch  that  flows  into  Horse  Creek,  is  a  well  that  was  sunk  in 
1884  to  a  depth  of  60  feet  in  search  for  mineral.  It  was  started  near 
the  base  of  the  Cherokee  shales  and  stopped  at  the  top  of  the  Missi-;- 
sippian  limestone.  It  flows  a  very  small  stream,  which  is  piped  lat- 
erally. The  water  contains  a  very  small  amount  of  gas.  Its  tempera- 
ture was  64°  F.  when  that  of  the  air  was  87°  F. 

BATES    COUNTY. 

ADRIAN. 

In  sec.  30,  T.  42  N.,  R.  30  W.,  is  a  well  owned  by  the  lewder  estate 
and  drilled  by  R.  J.  Lawder.  The  following  log  was  received  from 
Messrs.  M.  L.  Fuller  and  S.  Sanf ord : 

Log  of  Lawder  well^  Adrian^  Bates  County. 


Soil,  red  and  yellow  clay 

Lime  rock 

Fire  clay 

Lime  nxk 

Dark  clay 

Lime  rock 

O  ray  slate 

Dark  clay 

Lime  rock 

Gray  slate 

Blue  sonpstone 

Fire  clay •. 

Lime  rock 

Blue  joint  clay 

Lime  rock 

Gray  joint  clay 

Flint  rock 

Gray  clay 

Gray  lime  rock;  affords  about  2  barrels  of  water  per  day. 

Band  rock .'. . 

White  llmo  rock 

Sand  rock 


Thickness. 

Drpl^i. 

Fret. 

/r^^ 
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BATES   AND   CASS   COUNTIES. 

ROCKVILLE. 


113 


In  1904  a  well  was  drilled  at  Rockville  to  a  depth  of  1,550  feet. 
The  driller  declined  to  give  a  full  record,  but  from  his  statement  it 
was  learned  that  the  St.  Peter  sandstone  was  reached  at  a  depth  of 
856  feet,  with  a  strong  body  of  saline  water. 


CASS   COUNTY. 
DRBXBL. 


In  Drexel,  Cass  Coimty,  is  a  drilled  well  64  feet  deep.  It  penetrated 
40  feet  of  limestone  and  4  feet  of  carbonaceous  shale,  from  which  latter 
the  water  is  derived.  The  water  is  pumped  to  the  surface  and  has  a 
temperature  of  58°  F. 

Schweitzer,  in  his  report  on  the  mineral  waters  of  Missouri,*  gives 
the  following  analysis: 


Analysis  of  water  from  well  at  J>rerHy  Cass  County. b 


Parts  per  million. 

SilicaCSiOa) U 

Iron(Fe) 2.8 

Calcium  (Ca) 9.9 

Magnesium  (Mg) 6. 5 

Sodium  (Na) 481 

Bicarbonate  radicle  (HCO3) 1,059 


Parts  per  million. 

Sulphate  radicle  (8()^) 74 

Chlorine  (CI) 103 

Sulphur  (S) ;  4. 1 


1,751.3 


PLEASANT   HILL. 

At  Pleasant  Hill,  Cass  County,  there  is  a  well  150  feet  south  of  the 
Missouri  Pacific  Railway.  The  log,  for  which  the  writer  is  indebted 
to  Dr.  G.  C.  Broadhead,  is  as  follows: 

Log  of  well  at  Pleasant  IUll^  Cass  County. 


Dark  clay 

Oravel,  water-bearing 

Clay,  with  thin  layers  of  sandstone 

Black  bituminous  shale,  with  streak  of  coal. 

Dark  shales,  with  thin  Umestone  layer 

Dove^jolored  shales , 

Gray  limestone 

Dove-colored  calcareous  shales 

Dark  shales  with  red  beds 

Shales.  J 

Sandstone 

Shales  and  limestone 

Black  shales,  with  thin  coal  seams 

Shales  and  clay , 

Blue  limestone 


Thickness. 


Ft.    in. 
30 

2 
43 

3 

2 

9 

5 

7 

2      6 
28 

3 
17 

3 

3 
10 


Depth. 


Ft.    in. 
30 
32 
75 

78 


94 
101 
103 
131 
134 
151 
154 
157 
107 


« Missouri  Geol.  Survey,  vol.  3, 1892,  p.  182.  ~  ... 

*  Expressed  by  analyst  In  grains  per  gallon;  recomputed  to  ionic  form  and  parts  per  million  at  United 
States  Geological  Survey. 
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Log  of  wtU  at  PUataiU  HUi,  Caag  Cmijity — ContiaueO. 
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HENBT   OOUNTT. 


At  riirjiDU,  llt'iiiy  ruiinly  (sci^  li^.  'h,  thi'  C'liniun  TJ<:hi  rtud^Vir 
('E»ih[tsH]V  lias  >;ovrnil  wells.''     Wt^U  No.   I.  sniith  uf    tin-  rity,  m  ' 
S\\\  \  S\V.  5  sri'.  It),  T.  4L  II.  l>f),  WHS  sirilli'd  in  Uu'  Mii(nii*^r  ui  \s< 
I)('|>(Tu  stltl  fcrl  :  nltihidr,  700  fiH't  nlinvt^  tido;  tuvsiTi^.  s-wuli  i"  i-* 
lV*'t,  r>;'ini'h  tu  sni)  f^v^t:  lhm%    I!)t>  LiniltiTis  |i*>r  jniTuitis  msi.  n!" 
!^li,r>(Kh  ^iirtVn'(^  iornin!  ifJiK  bjifliMif  Chrinkoo  slinlo^.     Tht^  llrsi  tlii^^ 
WHtcr  nntcfK  7o  <:nllijjis  jht  iniiuit(%  wni^  obhuneii  nt  n  drpHi  "f  .; 
IVrT  in  the  St.  l^rtcr  sntnlstuTn^     At   \2^i  feet  tlio  llijw  liiui  iijiivii -**<!•' 
iiliMiil  2tHl  L!;illnns  pi.*!'  ininntr  und  the  [>ivssnn^  wu^  so  sltonj:  tluE  * 
Was  (fillinill   Id  ftr'(v>rrvr  the  ilrillin^s.     Tins  wnTei'  was  rliMr^e<l  \^ '■ 
stllp^iltrotod  liydinf^'m  nwd  was  calliMl  sulptnir  watiT.     At  ilii-  *\*->" 
till'  hnit^  ^\JLS  1(^1  nrrd  from  S  to  "vs  3^i<'l^<*>i,  inul  riintirnnnl  tlni^  iLfini 
snn  tVit,     1'lir  llnw  nj"  wtitcr  at   V2.'i  lV(*t  wa?^  rut  off  hy  rasinj^.  iinitia* 
thf  two  tli>tinrt  fli>\V!s  t  unhl  l>o  ohtnini^<l,  tlial  from  {]io  iK-pth  iif  ^-' 
ffi^t  issuing  li'Mfn  iironnil  tlu^  innrr  oasinir.  whirh  hnnijilit  ny  tltt-  \vi^'" 
fnnn  SlH^  I'l'^'l ,     1*1m'   wnWv  from   iho  bottom  W!is  j>ri>halily  drnn 

»  ,Vvii(ntH'lcM|^[r>i'ril  n  tii'h'l-v  Etk^idi'  Up  Mr,  .L  IJ.  TlriH*,  <>?  fliiiTon,  fnr  l1i»'  drill  supju-T'I*'*    *'i  ^ 
\i\h\rti\iiUm. 
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from  the  base  of  the  Gasconade  limestone  and  was  fresh.     The  flow  in 
both  cases  was  measured  and  found  to  be  about  200  gallons  per 


Fig.  5.— Map  of  the  Clinton  artesian  district,  Henry  County. 

minute  each,  or  a  total  of  400  gallons.  The  inner  casing  has  since 
been  removed,  and  the  waters  mix.  The  following  is  the  record  of 
this  well : 

Log  of  artesian  well  (No.  /),  Clinton^  Henry  County. 


De«  Moines  (40  feet): 

Blue  flluue 

Keoknk  and  Burlington  (80  feet) : 

Chert  and  gray  Timesione 

White  (^ert 

White  chert  and  limestone 

White  shaly  limestone 

Gray  limestone  and  white  chert 

Blue  magneeian  shale 

Blue  anogray  siliceous  limestone  and  chert 


Thickness. 

Depth. 

Feet.       i 

Feet. 

40 

40 

10 

.50 

10  : 

60 

20 

80 

10  1 

90 

10 

100 

10 

110 

10 

120 

116 
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Log  of  artesian  well  {No.  /),  C Union ,  Henry  County — CoDttniied. 


Cbouteaa  limestone  (70  feet): 

Light-gray  crystaUioe  magnesian  limestone,  little  chert 

Blue  B^intery,  compact  magnesian  limestone 

Blue  splintery,  shaly  magncs  an  limestone 

Same,  with  more  chert 

Devonian  (-lOfeet): 

Same,  W.th  more  chert  and  s  liceous limestone 

Blue  and  gray  shaly,  s  l.ceous  magnesian  limestone 

Gray  siliceous  magnesian  l.mostone,  some  chert 

Joachim  limestone  (50  feet): 

Light-gray  ** cotton  rock,"  magnesian  limestone 

Same  and  some  blue  limestone 

St.  Peter  sandstone  (30  feet): 

Fine-grained  blue  chalcedonic  flint,  siliceous  limestone  with  marcasite  crys- 
tals and  iron-stained  sand  (rounded  grains  of  quartz) 


Same,  with  finer  rounded  grains  (probalily  St.  Peter  sandstone) 

Coarser,  more  rounded  gra.ns  of  quartz,  s  liceous  white  magnesian  l.mestone. 
Jefferson  Citv limestone  (190  feet): 

Quartz,  flint,  and  siliceous  magnesian  limestone,  minute  marcasite  crystals. 

Flint  and  quartz  gra  ns  mixed  with  s  liceous  limestone 

Same,  with  minute  marcasite  crystals  and  iron  sta.n 

Fine-grained  siliceous  dolomitic  1  mestone,  with  some  fl.nt 

Gray  siliceous  dolomite,  white  flint  and  marcasite 

Gray  siliceous  dolomite,  slightly  coarser,  no  flint 

Dark-gray  siliceous  dolomite,  with  few  coarse  part. des  of  flint 

Flint,  quartz,  and  siliceous  l.mestone;  flow  oi  water  very  strong:  sulphur 

water  at  425  feet 

Roubidoux  sandstone  (25  feet): 

Fine  white  sandstone  (probably  Second  sandstone  of  Swallow) ;  flow  very 

strong 

Gasconade  limestone  (275  feet): 

(From  525  to  670  feet  no  cuttings  could  be  had  owing  to  force  of  water) 

Light  bluish-gray  dolomite,  w  th  fine  grains  of  white  flint 

Fine  grains  of  quartz,  white  flint,  and  gray  siliceous  dolomite  at  bottom; 

fresh  water 


ThSckness.' 

Depth. 

Fert. 

Fe€t. 

25 

lis 

15 

IflD 

10 

180 

10 

1 

1« 

10. 

20B 

20. 

Zi) 

10  ' 

230 

dO 

260 

ao, 

20 

10 

290 

10 

aoj 

10 

3H' 

lol 

33 

10  1 

33D 

10 

3« 

30 

JHJ 

10 

3W 

10 

380 

10 

40D 

100 


145 
30 


700 


The  following  analysis  is  taken  from  Schweitzer's  report.** 

Analysis  of  water  from  artesian  well  (No.  J),  Clinton,  Henry  County.^ 
[Analyst,  A.  E.  Woodward,  1892.1 


Parts  per  millioc. 

Bicarlwnate  radicle  (HCOs) 37) 

Sulphate  radicle  (SO^) 1 10 

Chlorine(Cl) Tli- 


Parts  per  million. 

Silica  (Si02) 12 

Calcium  (Ca) 117 

Magnesium  (Mg) 51 

Sodium  (Na) 419 

Potassium  (K) 16 

This  is  a  distinctly  saline  water,  w  ith  a  small  percentage  of  carbo- 
nates present.  The  sample  for  analysis  was  obtained  by  plunging  a 
gallon  bottle  into  the  mouth  of  the  standpipe  and  allowing  it  to  fill 
with  the  water.  The  bottle  was  then  stoppered  and  sealed  with 
melted  paraffin. 

Well  No.  2  is  a  few  hundred  feet  south  of  well  No.  1.  Depth,  SOO 
feet;  altitude  above  tide,  700  feet;  casing,  5-inch  to  bottom;  flo^, 
about  200  gallons  per  minute  ;'^  date  of  completion,  1891;  surface  for- 
mation, base  of  Cherokee  shales.  The  log  of  this  well  is  essentially 
the  same  as  that  of  No.  1.     It  is.  a  curious  fact,  however,  that  the 


a  Mineral  waters  of  Missouri:  Missouri  Oeol.  Sur\cy.  vol.  3.  1892,  p.  86. 

b  Expressed  by  analyst  in  grains  per  gallon:  recomputed  to  ionic  form  and  parts  per  million  at  ViuUd 
States  Geological  Sur>'ey. 
«  Biaoe  the  sinking  of  well  No.  7  the  flow  of  this  well  has  decreased  fully  one-half. 
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chemical  composition  of  the  water  is  decidedly  different,  as  may  be 
seen  by  a  comparison  of  the  accompanying  analyses  of  the  two.* 
This  well  was  for  a  number  of  years  the  main  source  of  water  supply 
for  the  city  of  Clinton.  The  water  is  collected  in  large  reservoirs  and, 
together  with  that  of  several  other  wells  more  recently  drilled,  is 
pumped  to  the  city. 

Analyses  of  water  from  artesian  well  (No.  1)  and  tvaterworks  well  (No.  -j?),  Clinton^  Henry 

County. b 

[Parts  per  million.] 


Calcimn  (Ca) 

Mai^nesium  (Mg) 

Sodium  (Na) 

Potassium  ( K) 

CarlMjnate  radicle  (CUi) . 
Sulphate  radicle  (SO*) . . . 
Chlorine  (CI) 


FrwIIjS 

¥rve  C(>i  and  combined  as  biearlMinato . 


^■IS?.""!     wSrt8" 


well. 


well. 


116      I  80 


51 
420 

17 
184 
110 


37 
204 
42 

168 
91 


717  335 


1,615 
4.1 
175 


957 

1  1 
147 


In  connection  with  this  comparison  Woodward  says : 

Since  the  two  wells  are  but  a  short  distance  apart  and  were  both  drilled  to  the 
same  depth,  a  correspondence  between  the  analyses  of  these  waters  is  to  be  expected. 
A  very  considerable  difference  is  found  to  exist,  however.  Thus,  though  both  are 
characterized  by  i»  large  percentage  of  sodium  and  chlorine,  the  water  of  this  well 
[waterworks  well]  diffe/o  from  the  artesian-well  water  by  containing  larger  amounts 
r»f  carbonates  and  sulphates.  These  differences  are  produced  probably  by  the  mixing 
in  the  waterworks  well  of  a  greater  quantity  of  surface  waters  with  the  chloride  water, 
thereby  decreasing  tho  amount  of  total  solids  and  increasing  at  the  same  time  the 
imount  of  alkaline  conbtituents.  *  *  *  Results  of  analysers  of  other  well  or  spring 
jrators  directly  comparable  to  these  Clinton  waters  are  not  easy  to  iind.  The  Fort 
•^CTitt,  Kans.,  artesian  water  yielded  1,8G8  parts  per  million;  the  ClinUm  artesian,  1,G15 
parts  per  million. 

The  following  is  a  complete  analysis  of  water  from  waterworks  well 
(Xo.  2) :  ^ 

Analysis  of  water  from  waterworks  well  (No.  2),  Clinton,  Henry  County. t> 
(Analyst,  A.  E.  Woodward,  1892.] 
Parts  pt»r  million.  I  Parts  per  million. 

Mlica  (SiOj) 2. 4  I  Bicarl)onate  radicle  (IICO3) 342 

'alcium(Ca) 80         Sulphate  radicle  (SO^) 91 

^Cagnesium  (Mg) 37       '  Chlorine  (CI) 335 

^.clium  (\a) 204       1 

^otafiPium(K) 42      ! 


1,133.4 


oWoodward,  A.  E.,  Bull.  Missouri  Ool.  Survoy  No.  .3,  189(),  p.  91. 

*  Expressed  by  analyst  in  grains  p<'r  gallon :  reconiput^'d  to  ionle  form  and  part  m  por  million  at  Unitod 
?tat«j  Ocologicaf  Survey. 
«  Sdiwdtzer,  Paul»  Mineral  waters  of  Missouri;  Missouri  Qcol.  Survey,  vol.  3,  lSt)2,  p.  120. 
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Bicarboimte  r^ieilti  iHCOj^*, . . 
Sulphate  radicle  (SO^) ,  ..1^^**. 

Chlorine  (CI) 


About  I  mile  north  of  the  wells  previously  described,  in  the  I 
of  thi'i  same  creek  and  similar  in  character  to  No.  2,  is  a  well  (So,  3 
owned  by  Dr.  J,  IL  Britts.     Depth,  913  feet;  altitude  aboye  ijdf  J 
feet;  caaing^  8*inch  to  bottom;  temperature  of  water,  M*"  F,;  I 
400    gallonjs    per    minute;**  date  of  completion,  1891;  exist, 
surface  foriiitttiun*  base  of  Cherokee  sliale.     The  log  of  this  well  < 
slightly  from  1  hose  of  the  other  wells  in  the  first  60  fe<*l ,  Uie  fiiil  ( 
feet  of  CJherokee  shales  being  followed  by  20  feet  of  Grayd-ra 
stone,  a  formation  which  does  not  appear  in  any  of  the  MtJitT  i*J 
about  Clinton.     Tlie  following  is  an  analysis  of  the  wat«r  of  I 
Britt^  well:** 

Silica.  (SiO,)-- ,..,.,..,....  14 

Calcium  (Ca) , , 1 OU 

Msgnoalttm  (Mg)..*....^«.. 4Q 

8odium(Na)-  ..-^ * 353 

Potaawiim  (K),... 19 

At  the  Clinton  ice  plant,  about  1^000  feet  northeast  of  the 
house,  at  one  of  the  liighest  points  in  the  Wcinityj  are  two  nonfl< 
wells  (Nos.  4  and  5),  10  feet  apart.     One  was  drilled  in  1894  and 
father  in  !S9(i.     Both  are  650  feet  deep  and  their  altitude  is  7^ 

\\\nr\i  is  i)nili!tl)ly  SO  feci  nnn'v  tluni  that  of  the  flowing  \vv\h  b 
\.^i|lry,  Thi'  linie  of  <mv  is  S  iiirllPs  lutd  of  tin-  ntlit^r  2  in'b^ 
Wjilri  lisrs  uitliiii  about  KJO  fei't  i>f  llie  siirfarr',  Thr  w-IUi? 
<H|ui|)|)(M!  with  luti  d(^rj)-vvt*ll  pumps  liaving  a  rapathy  of  mn  i:aili« 
]i<»|-  iHUiuti\  uiirl  iliry  would  uudoui>totlly  supply  Uvo  nr  thn  r  T  i« 
lli('  rH|uifity  uf  t!n'  puuij»>.  No  aJiulysis  of  thr-  \witt'r  uf  iiifuri 
llir-^r  \v*^l[^  \\ti--  biH'h  iuud(\  hut  it  is  slaU'd  llml  it  is  alkaliiir  ^urLii 
a[i[irr(Mjibl<'  Muiouut  of  sulfiluurtod  liydro^roii,  au<i  sijuihir  in  ^han 
\u  thai  of  Uir  olht'j-  wrlls,     >[nrhut  '  givos  the  fijlluvving  ln^  I'f  \\i*^ 

TlihWti--- 


Sinnhs.MH«^jiii»l '«nNily -fihjili^   r.    .   *.         , -- 

^}uxh>,.  ,,      ■  ,  ,  •        ,,...-,,.  ^^ .... 

rrivfl  J^tVK'M  nftiojitrt^fmi*,     ,..,,,.>. 


^f 

tit 

l> 

1? 

^ , 

'HI 

■in 

* 

I 

1 

t 

*l 

» 

*: 

.*■ 

i* 

s 

3* 

II 

m^ 

>*•< 

41 

m 

•1 

tl 

"fk 

istmU's  f.K'olfi^iml  Survey. 
^UarbuC.  C,  F..  Qcolagy  ol  thst  Clinton  lU^et^  UlMQUd  Geo).  Survey,  vol   13,  pi   2.  iS&i,  r  *■* 
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About  200  feet  west  of  well  No.  2  is  a  well  (No.  6),  owned  by  the 
Clinton  Light  and  Water  Company.  Depth,  500  feet;  altitude 
above  tide,  700  feet;  casing,  8-inch  to  bottom;  flow,  200  gallons  per 
minute;**  date  of  completion,  1897;  surface  formation,  base  of  Chero- 
kee shales.  The  water  of  this  well  is  similar  in  composition  to  that 
of  well  No.  2,  and  the  two  wells  have  similar  logs.  The  water  is 
collected  in  settling  basins  for  city  service. 

Near  the  northeast  comer  of  the  new  settling  basin  of  the  Clinton 
water  station  about  150  feet  north  of  well  No.  2  is  another  well 
(No.  7),  owned  by  the  Clinton  Light  and  Water  Company.  Depth, 
818  feet;  altitude  above  tide,  700  feet;  casing,  10-inch  to  bottom; 
flow,  about  700  gallons  per  minute;  date  of  completion,  February, 
1902;  cost  of  well,  $2,000;  surface  formation,  base  of  the  Cherokee 
shales.  The  flow  of  this  well  surpasses  that  of  all  of  the  other  wells 
combined,  and  its  effect  on  the  others,  as  has  already  been  mentioned, 
has  been  marked.  The  water  resembles  that  of  No.  2  more  closely 
than  that  of  any  of  the  other  wells.  It  may  be  classed  as  an  alkaline 
water,  with  some  sodium  chloride  and  with  free  hydrogen-sulphide 
gas.  It  is  not,  however,  a  combined  sulphur  water.  This  well  is  at 
present  the  main  source  of  the  city  water,  which  it  supplies  in  the 
greatest  abundance,  filling  a  reservoir  250  by  160  by  5  feet  in  twelve 
hours.  The  log  is  practically  the  same  as  that  of  the  other  CUnton 
wells,  extending  into  the  Gasconade  limestone.  The  main  source  of 
water  is  probably  in  the  Roubidoux  sandstone.  This  well  began  to 
flow  at  about  375  feet  and  the  water  was  comparatively  soft  with  but 
little  mineral  salts  and  hydrogen-^lphide  gas.  The  flow  gradually 
increased  with  the  depth  of  the  well  with  a  corresponding  increase 
of  mineral  constitutents.  The  following  analysis  of  this  water  was 
obtained: 

Analysis  of  water  from  well  AT).  7,  Clinton,  Henry  County. b 

[AmUyst,  J.  C.  Draper,  June  20, 1902.] 

Parts  per  million.  Parts  per  million. 

Silica  (SiOj) 6.4  Sulphate  radicle  (SO4) 122 

[ron  (Fe) Trace.  Chlorine  (CI) 122 

:alcium  (Ca) 147  Alkaline  chlorides 1,562 

Magnesium  (Mg) 56  

::arboiiate  radicle  (CO,) 179  2, 194. 4 

The  Jordan  well  is  located  in  sec.  19,  T.  41,  N.,  R.  25  W.,  about  3 
niles  southeast  of  Clinton.  It  flowed  feebly  for  a  number  of  years 
ifter  it  was  drilled  and  yielded  a  mildly  chalybeate  water,  which  was 
•xtensively  used.  It  is  now,  however,  abandoned  and  choked  up. 
^o  log  was  kept  and  no  analysis  was  made,  but  the  water  apparently 
lad  its  source  in  the  Cherokee  shales. 


•  Flow  has  decreased  since  the  sinking  of  well  No.  7. 

b  Expressed  by  analyst  in  hyx>othetical  combinations;  recomputed  to  ionic  form  at  United  States 
rf>ologlc]U  Survey. 

IBB  195—07 ^9 
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Tn  1891  the  Appleton  City  Wati^r  and  Power  CompauT  put  dc*nn 
wiA\  1,190  feet  deep  m  prospecting  for  oil,  g^ts,  or  waU'r.  Ii  Uioti 
n»jrrettetl  that  the  greater  portion  of  the  n^eord  uf  this  well  ha*  ^i«n 
UjsL  It  wits  rased  for  300  feet  with  8- inch  casing,  A  .sinm^  Mj4 
wat^r  was  stniek  between  KCIOO  and  1^100  feet.  It  was  *lrfi(Wk 
fiuhne,  nntl  eoTitiiined  a  lar^e  amount  of  sulphureted  liytlnig<*n  " 
mouth  of  the  well  has  an  altitirtie  of  760  feet;  the  well  starU^  in 
kH>  sli files,  and  water  Btands  40  feet  from  the  surfaC'e.  Ackjiowl 
merit  is  nniHe  to  Mr.  T.  C.  Brown  for  the  use  of  such  drill 
as  have  been  preserved.  The  well  cost  $:a,0<)0.  At  50  and  150 
snmll  coal  seftins  were  struck. 

From  the  cuttings  that  have  l>een  prea^rred,  Mr,  EUis  j^ivi* 
following  inroinplete  lo^: 

Partial  Loj/  of  well  at  Appkion  (.%tff,  St.  i*Unf  t'tnmiy. 


Qnyinh'hro^i^  efiimfmet  Hmmtim^  oontidnttig  mmipraas  *m4Xh 

(lunrtt  gFAiJiSk,  at ^ . . .  ^  * , .  * ,  *  ^  * .  * 

rnfTiinirt  limOfltftni'  jiiM  C^HTl^  \v]Hi  snitill  nntistlfd  quarlr  grelTi!*,  . .  . . .. 

FiinNy  rry.^(;4lDTH'  rhirk-Urtmii  liitio filmic,  With  potih'  rln'-rt  nini  itiHtny  mijniir«1 

(Mill  mrin'M^ilM.  .       . 

rHnjfMrr  iTV>1iHtnH' ^.'P^i.H^d-liriiwts  hmi'STriH".  wlTli  untMirfliiTf  ttn^i  ^in.J 
\  \tw\\  firv^^Uli'i"   h*rKf-j,'rifV  l|i<ii^?^hKii',  wiUi  U>w  n*iih\ gt\i\n^\   narhiti 

*'rv^(jiMjii»' hthr-i:ru\  iMin^HTnnr, -nifij  \vhitJM*|nTl .  -     .. 
r»^jiJE»/H'f  lik*ht*K>'^'i^  liiJH">;ti.HM.',  wHh  Hniir  KitiHl  ^ni<iii!«.,    . 


'I'iw'  ^ni^nlrr  \mrl  nf  ilii^  >iri  linn  I-,  pnthnhlv   (ta^mhmlr  hirir^i' 

\  Snii]y  =  i    I', Mil  S<^lni-iiiJ'«T  | 
t%in*  F'T  TruUion  t'.iTf»  ,^' 

•<\Ur-)  .  Sjn.i ,_  ,  ,..^^,^^.^_.. .  'Ml    r.iHMiUiifi' ismIii  [i-  .  i  » * 

I  ;ilri(M(i    f'fi        -- ----    -  JVH*      SiitjtlijrcT^MlhlM     Sn^ 

Mwirhc+^iiiiM  \  Mi:«.._  .  _.. _  .        hit      HiJi^nrn'  m'I    

\m\i\\\\\\  •■  I,U_     __.  01 

'rhi>  wntcT  \\n>  (1^1'd  \i\   lilt'  I'll  s   Uh'  uvii  \eiir*-,  ln'tfti:  \'\Hii\'^-\ 
sinnll  riiirinr,  ImiI  \\  wa^  WwnWy  di-^ranlvd  Iserjiu^i'  of  m-  Ih^IiI}  imi 
ii!i/i/i|  rhiinirUM-.      ll    'i^  -hited    thnt  tfu^  w  nliM   I'.nrudi  ij    irnniul 
wtiil  kilhnl  nf^i^HihnriiiL':  ^rlrrl,Mri^n 

florin  fHid^iilfl^lwr  liiiUiMii  41 1   I'ml-'U  r^iuA'-'^  (  n'oJo^jN  ,U  SMP^y 
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In  1891  a  well  about  500  feet  deep,  with  an  8-inch  bore,  was  sunk 
in  Osceola  and  cased  12  feet  to  rock.  A  strong  vein  of  water  was 
struck,  which  rose  within  75  feet  of  the  surface.  The  water  is  hard, 
and  was  pumped  for  general  use.     The  cost  of  the  well  was  $1,500. 

Another  well  is  now  (sununer  of  1905)  being  drilled  at  Osceola  for 
oil  and  gas  by  the  Osceola  Development  Company  on  the  farm  of 
M.  M.  Love,  1  mile  west  of  the  Frisco  Railway  station,  on  the  top  of  a 
hill  having  an  elevation  of  832  feet.  The  well  was  started  in  the  base 
of  the  Des  Moines,  and  the  company  expects  to  go  to  a  depth  of  1,800 
Feet. 

VERNON    COUNTY. 


Nevada,  Vernon  County,  is,  like  Clinton,  the  center  of  a  group  of 
«veral  flowing  and  nonflowing  deep  wells.  The  oil  excitement  in 
Kansas  stimulated  the  boring  of  deep  holes  in  this  region,  which 
•esulted  in  the  finding  of  several  valuable  artesian  wells  in  this  county, 
rhe  most  important  of  these  are  the  wells  at  Nevada,  Sheldon,  Stotes- 
)ury,  and  Walker. 

In  the  suburbs  of  Nevada,  a  little  over  a  mile  from  the  railway  sta- 
ion,  is  a  well  owned  by  Harry  C.  Moore.  Depth,  800  feet;  altitude, 
barometrically,  900  feet;  casing,  6-inch;  depth,  unknown;  tempera- 
ure  of  wat^r,  63°  F.;  of  air,  69°  F.;  flow,  10,000  gallons  per  hour; 
late  of  completion,  1887;  cost,  $2^500;  surface  formation,  base  of 
Jherokee  shales.  The  well  is  situated  on  the  side  of  a  valley  at  the 
X)t  of  a  low  ridge.  The  water  rises  through  an  iron  pipe  and  flows 
ito  a  basin,  whence  it  is  conveyed  to  two  lakes  covering  15  acres  each. 
Tie  water  is  strongly  impregnated  with  sulphureted  hydrogen  and  a 
eposit  of  white  algee,  the  same  as  that  at  Clinton,  covers  the  basin 
nd  its  outlet.  It  is  to  be  regretted  that  no  record  of  the  log  of  this 
ell  has  been  preserved.  An  analysis  made  by  Schweitzer  in  1892  <* 
here  given: 

AncUysis  of  water  qfttrtesian  well  at  Nevada,  Vernon  County. ^ 

[Analyst,  Paul  Schweitzer,  1892.] 
Parts  per  million.                                                           Parts  per  million. 
licaCSiOa) 14  ■  Sulphate  radicle  (SO4) 53 


acmm(Ca) 80 

agneaiiim  (Mg) 33 

dium(Na) 307 

carbonate  radicle  (HCO,) 342 


Chlorine  (CI) 423 


1,252 


•  Missouri  Geol.  Survey,  vol.  3, 1882,  p.  122. 

ExpxesMd  by  analyst  in  grains  per  gallon;  recomputed  to  ionic  form  and  parts  per  million  at  United 
fctes  Qeological  Survey. 
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A  number  of  deep  noaflowing  wells  in  this  district  havi?  bwn  sudt 
the  search  for  oil  or  gas*  Among  them  may  be  m«iitiini«l  xhtii 
well  of  the  Nevada  Gas,  Oil  and  Asphalt  Company*  9  miKsmitk 
Ne  vad  a ,  a  t  a  r  i  e  le  v  a  tin  n  of  82 1  feet  a  bo  v  e  t  ide .  T  he  writer  k  MM 
U}  Mr.  G*?orge  A.  Pierson  for  the  follomng  record :  • 

Itog  f^  tinil  t^U  of  yitada  Gm,  Oil  and  Asphalt  iUmipantf^  S  inilm  «oiy|^Jfafl 


ShiLlK  Hick  .....,.....,,.„,,„,**  w  ,„ , *„,„„„.,. .......,.,.,,,, 

rimt:  Mt  1§0  fwt  itninp  vater  tow  within  SQ  ftet  of  top;  iin«ll  cawd  vttil 


Sam}  rock;  &t  fM  f^^t  tiron^T  w*tpr  FOi»  vlthin  85  Iwt  of  tha  lop. , . 

Llt11l*Mtnill^. . . , * ,,,, 

Shilp;  *-lticli c«Jtii«  to  ttdspcilnt, , --.,,„, 

Llii»»to[u^  K -.,,,.,,., ._-__,_,,,*,*, 

WfttHj-iiUMAtOne..,    ..,„.,,„„,.. *,..**.*-..„...—,.*-*_.*,, 

Sandy  Uinf?*toae.,. ».*.,. -_^-.. -.,...__. ,_„ 

I>pvc*iilmn  imd  J<>M!hlin  jlmputdne  faro  fi«t> : 

Bofl  uuidftt«De  fOPotfuMj^  limwt&n^i  ....,,.,„. ..,,„., ___^.« 

FalrJy  bard  aindiitone  ^protmNy  UniMton*). ».*,,* --,,* 

8U  Ppt*^r  »fti5d stone  (liWliwt): 

Fine  MLndstiPtii« ,..,_,„„„, , .„_^*_ , , . , , „,,^._,, * ....,., __.^,*»^„ 

J**(rpr»on  Citv  ILnipatotie  (ITS  tmti  i 

llutd  <uirhl  limixstnn^:  at  l^OSO  fe^ft  HAt*r  ttimwn  out  nf  pif*^  3f»  frvt  bltrli 

Honli[i1n'.ix  flurhistonr'  i^i<l  ffv'l   : 

Iljtni  SHTTlstOIl.- 

Cascoiia.lr  lllilrstolir  (J(l7  f.vf    : 

llfini  lini.'stonr 

Willi.-  -;in.l.      _ 

I.mi'-tntir.  .  ,      _ 

Whltr    -;llhi\     lirilrslr.Ilr 

Linirst.Mi,>.   wai.T  <fr.>ii^- at  L.ino  f.H't 

Whit.'  -.ii!'l\  .  bar' I  li  Mil's  ton.' _ 

llar.i  uhit.'  v;,n.isI.Mi.'. 

hark-lTowii  linirvt..iif  i.|nl|.>rs<-all  this  Tn-iitoii    

Sa  !l. !  V  ton.  .  1 1  Iia.  ■(•(.!!  11  (.'.l  for 


'^ 


V^^ 


1'liis  record  has  heoii  a  very  diliicult  one  to  suniniari/r.  It 
the  coiirti^sy  of  the  eoinpaiiy  the  writer  was  allowed  to  exaini:  • 
of  the  sain|)h\s  contained  in  ^hiss  tubes,  and  he  feels  little  (l"U' 
some*  of  the  inat(M'ial  described  as  sandstone  in  the  lo^:  i-  li-  i' 
It  is  \n'y  coniniojj  for  (lrill(M*s  to  use  the  term  sandstoiu'  for  a  - 
limestone.  The  corrcdations,  w  hile  somewhat  doubtful,  a-  -'.t'' 
b(^li(»\-ed  to  l)(^  approximately  correct  and  check  fairly  well  ^v!'i 
moi'c  reliabh^  data. 

1'his  comj)any  has  just  started  another  well  west  of  X«'\ ;:(];: 
Xlv  1  sec.  I(i,  T.  :;:>.  ll.  ;n.  The  altitude  at  the  mouth  ot  lin^ 
S_M   feet. 

The  water  sup|)ly  of  Nevada  is  derived  from  J  wells,  l.imi  a; 
feet  d(»ep.  Th(^  ahitudc*  of  the  water  station,  obtained  bamiiu  ir 
is  !)()()  feet.  Tlie  watcM*  of  tlu^  deeper  well  is  strongly  iinprr^ 
with  sulj)hureted  hydro^rcMi  and  dej)osits  a  white  pre(  ipil. 
^egatorla  alba  around  the  outlet.     The  temperature  was  ^u'  F 
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the  air  temperature  was  69^  F.  The  water  stands  78  feet  below  the 
surface  and  is  pumped  into  a  large  reservoir,  from  which  it  is  distrib- 
uted to  the  city.  The  water  station  is  about  80  feet  above  the  park 
where  the  flowing  well  previously  described  is  located.  The  following 
log  of  the  deeper  well  is  furoished  by  Mr.  J.  P.  Stevenson: 

Log  of  city  waterworks  well,  Nevada^  Vernon  County. 


Des Moines  (170 feet): 

Drift 

Sand  rock 

SandihAle 

Tnoeofcoal 

Sand  ahale 

Black  aUte 

MiMUiippUn  (448  feet; : 

Umestone 

Sandstone 

limestone 

Hard  flint  limestone 

Unwrock 

Slate 

Umerock 

Devonian  and  Joachim  limestone  (157  feet) : 

Gritty  bastard  limestone 

Umerock 

Sandy  bastard  lime  rock 

Flint  lime  rock 

Umerock 

St.  Peter  sandstone  (43  feet) : 

White  sand 

Umerock 

Sand 

Flint 

Jsflerson  City  limestone  (133  feet) : 

lime  rock 

Salt  Umerock 

Sandr  lime  rock 

Blue  lime  rock 

Cnaccotrnted  for 


Bkneas. 

Depth. 

Feet. 

Feet. 

8 

8 

62 

60 

10 

70 

3 

73 

48 

121 

4» 

170 

IfiO 

320 

15 

335 

eo 

305 

40 

435 

25 

460 

35 

405 

123 

618 

20 

638 

22 

660 

35 

605 

40 

735 

40 

775 

•   10 

785 

45 

830 

23 

853 

15 

868 

32 

900 

30 

030 

20 

050 

31 

gsi 

X 

1,001 

RICHARDS. 


In  the  southwest  comer  of  sec.  30,  T.  36,  R.  33,  is  a  well  owned  by 
E.  S.  Weyand;  depth,  650  feet;  altitude,  barometrically,  765  feet; 
flow,  weak;  casing,  6-inch;  temperature  of  water,  62°  F.;  of  air,  59** 
F.;  date  of  completion,  1889;  driller,  John  A.  Young;  surface  forma- 
tion, Cherokee  shales.  Like  many  others,  this  well  was  sunk  during 
the  oil  excitement,  and  it  was  near  enough  to  the  Kansas  oil  fields  to 
show  some  evidence  of  gas,  which  would  bum  for  a  short  time,  but 
which  soon  became  exhausted.  Now  only  a  little  gas  comes  up,  in- 
termittently, in  small  bubbles.  There  is  a  strong  o4or  of  sulphureted 
hydrogen  and  a  thin  white  film  is  deposited  around  the  outlet  of  the 
well.  The  owner  informed  the  writer  that  before  a  rain  storm  the 
water  becomes  slightly  milky  in  the  trough.  Washing  one's  hands  in 
the  water  as  it  comes  from  the  pipe  also  gives  it  a  milky  appearance — 
a  peculiar  phenomenon  which  may,  perhaps,  be  explained  by  the 
breaking  up  of  the  gas  bubbles.  This  water  has  a  larger  amount  of 
sulphureted  hydrogen  than  any  other  in  the  State,  so  far  as  known. 
It  is  stated  that  the  water  will  rise  in  a  pipe  15  feet  above  the  surface. 
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SHELDON. 


Six  miles  east  of  Sheldon,  on  the  farm  of  L.  C.  Moore,  in  sec.  30,  T. 
34,  R.  30,  on  the  western  slope  of  an  anticlinal  fold  having  a  northeast- 
southwest  trend,  a  well  17  feet  deep  was  bored  through  the  Graydon 
sandstone  to  the  Mississippian.  The  water  immediately  rushed  up, 
and  a  pipe  was  inserted  through  which  it  was  conveyed  to  a  tank. 
This  is  a  very  interesting  example  of  the  conditions  favorable  for  arte- 
sian pressure.  The  limestone  rocks  of  the  Mississippian  outcrop  in 
strongly  tilted  ledges  in  the  road  not  far  away,  running  down  the 
westerly  slope  of  the  anticline.  The  sandstone  on  the  summit  of  the 
fold  forms  a  catchment  area  through  which  the  water  penetrates  to 
the  Mississippian  limestone  or  water  table.  When  the  reservoir  is 
tapped  low  down  on  the  fold,  the  water  rises  to  the  surface.  The 
water  of  the  Moore  well  is  chalybeate  and  leaves  a  yellow  deposit. 

The  anticline  just  referred  to  is  one  of  a  series  of  such  folds  that  nm 
with  a  northeast-southwest  trend  over  a  considerable  area,  and  in 
many  places  the  ridges  outline  these  folds.  East-west  roads  crossing 
these  ridges  show  in  the  gullies  the  outcrops  of  the  tilted  sandstones, 
shales,  and  limestones  on  the  slopes  of  the  folds.  The  extension  of 
these  folds  to  the  north  has  aflFected  the  course  of  the  rivers,  especially 
the  Missouri. 

In  July,  1903,  the  Vernon  Oil  and  Mining  Company,  of  Sheldon, 
began  drilling  a  well  for  oil  and  gas  4  J  miles  northeast  of  Sheldon,  on 
the  farm  of  Dr.  C.  B.  Brand.  This  well  was  sunk  to  a  depth  of  1,306 
feet,  when  work  was  stopped  in  October  of  the  same  year.  The  cost 
of  drilling  was  about  $2.25  per  foot.  The  following  is  a  log  of  this 
well,  with  correlations  that  are  believed  to  be  approximately  correct: 

Log  of  the  Vernon  Oil  and  Mining  Company^ 8  well  in  the  SE.  \  SW.  ^  sec.  27,  T.  $4, 

R.  SO,  Vernon  County. 


Pleistocene  (20  feet): 

Soil 

Des  Moines  (95  feet): 

Sandstone  saturated  with  asphalt 

Shale 

Dark  shale ., 

Burlington  limestone  (235 feet;: 

Coarse-grained  crystalline  limestone,  some  chert 

Hard,  compact  crystalline  Ibnestone 

Chouteau  limestone  (00  feet): 

Buff  sandy  limestone;  water  rose  within  25  feet  of  surface 

Buff  sandy  limestone,  some  flint 

Buff  sandy  limestone 

Hannibal  sandstone  and  shale  (75  feetj: 

Brown  sandstone,  some  shale 

Bluiah-white  shale ^ 

Devonian  (45  feet): 

Flint  and  compact  limestone 

8t.  Peter  sandstone  (30  feet): 

White  sandstone:  water  came  within  120  feet  of  top 

Flint  and  limestone,  with  white  rounded  pel»l>les  of  sandstone 

Jefferson  City  limestone  (230  feet): 

White  sandy  limestone;  probably  siliceous  limestone 230  '  ^ 

Roubldoux  sandstone  (35  feet) : 

Irregular  sand  grains,  iron  stained 35  83 

Qasconade  limestone  (481  feet) : 

Limestone,  with  occasional  chert  layers;  at  l,2fi0  leet  lome  finelT  oirstAl*  i 
line  llmeetone,  with  softgnr  shale as  I        lS» 

Reoordlost ....: I  5?  JaOB 


Thickness- 

Depth 

Feet. 
20 

Feft 

JO 

25| 
30  < 

11  :> 

210  1 

25' 

325 

S.V) 

25 
10 
25 

375 
410 

25. 
50 

Co 
«5 

451 

.W 

10 

20 

5» 

3K^ 
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STOTE8BURY. 

Just  esst  of  Stotesbury  in  the  NE.  }  NE.  J  sec.  28,  T.  37,  R.  33, 
on  the  south  bank  of  Osage  River,  a  well  was  put  down  by  the  Mis- 
souri Oil  and  Development  Company  in  August,  1901.  It  has  flowed 
feebly  ever  since,  except  in  very  dry  weather.  The  following  log  is 
given: 

fj(xf  of  well  A'b.  /  of  Missouri  Oil  and  Develojmunt  Chmpany^  near  Stotesbury,  Vernon 

County. 


Plexj;ocene  (9  feet) : 

Sou 

l>f>  afoines  (269  feet): 

•  8oap«tone" 

Coal 

•Soapatone" 

** Soapstone"  and  blue  shale 

•'Soapstone"  and  black  sand 

"Soapstone"  and  blue  shale 

Black  aand  and  blue  shale 

Limestone 

"Soapstone"  and  blue  shaTe 

Coal 

Oil,  sand,  and  shale 

Slate  and  * ' soapstone" 

Black  and  blue  sandy  shale  and  sandstone 

"Soapstone"  and  shale 

Limestone 

Sandy  shale 

Fme-grained  micaceous  sand 

Gray  and  black  shale,  with  some  sand 

Micaceous  carbonaceous  shale 

Carbonaceous  sandy  shale 

Mi  ^asMppian— Burlington  limestone  (67  feet ) : 

Cherty  limestone 

Same 

Gra/  cherty  limestone 

Shaly  limestone,  some  soapstone 

Gray  cherty  limestone 


Thickness. 

Depth. 

Feet. 

Feet. 

9 

9 

20 

29 

3 

32 

13 

45 

20 

65 

22 

87 

3 

90 

30 

120 

5 

125 

12 

137 

3 

140 

30 

170 

36 

205 

20 

225 

18 

243 

2 

246 

15 

260 

5 

265 

5 

270 

5 

275 

3 

278 

6 

284 

1 

285 

5 

290 

5 

296 

50 

345 

Four  miles  west  of  Stotesbury,  in  a  prospect  hole  for  gas  and, oil, 
water  rose  and  gently  flowed  over  the  surface. 


Four  miles  northwest  of  Walker,  on  the  farm  of  E.  T.  Litton,  a 
well  was  sunk  to  a  depth  of  400  feet.  The  water  obtained  is  strongly 
impregnated  with  sulphur,  and  the  well  has  a  rather  strong  flow, 
which  has  not  materially  decreased. 

SOUTHWESTERN    DISTRICT. 


GENERAL   ARTESIAN    CONDITIONS. 

The  southwestern  district  includes  an  irregular  area  in  the  south- 
western portion  of  the  State,  in  Barry,  Christian,  Dent,  Greene, 
Howell,  Jasper,  Laclede,  Lawrence,  McDonald,  Newton,  Ozark, 
Phelps,  and  Texas  counties.  The  conditions  in  this  district  are  in 
general  rather  unfavorable  for  strong  artesian  pressure,  although 
there  are  several  good  wells.  The  country  is  much  broken  by  folding, 
faulting,  and  fissuring,  especially  in  the  lead  and  zinc  region.     Several 
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wella  are  foitncl  alorig  the  alope^s  of  the  larger  foldis.  The  g^nenl  di^ 
of  the  rtwks  u  toward  the  west  and  soiitliwf^t .  In  southern  Chris^itt 
Comity  the  dip  is  to  the  southeas^t.  As  the  richesst  zinc  mbe>  m  lb 
\\ orld  are  located  in  this  district  a  great  many  drill  holes  hsvi-  bos 
made  and  careful  records  of  many  of  them  have  lieien  kept,  FK^Aiiri^ 
wells  are  found  at  or  near  the  following  places:  Comet  an*]  ^ 
Lawrence  County;  Carl  Junction,  Jasper  County;  Ntoslin  >. 
County;  Tiff  City,  Lanagan,  Noel,  and  Wanda,  McDonald  Cotmtr, 
Afih  Grove,  Greene  County;  and  in  Christian  County, 

BAKBV    OOUNTY. 

Korthw^est  of  Exeter,  Barry  County,  is  a  well  oTJiTied  by  iht  S 
Louis  and  San  Francisco  K  a  LI  road  ^  and  drilled  by  E.  F,  Stanley.  Tli 
following  log  was  received  from  Messrs.  XI.  L,  Fuller  and  S.  Sanfon 

Log  of  Si.  L&tiia  and  San  Francisco  RaUroad  well  neixr  E^tier,  Barr§  Cmait$, 


StU-fACQAOU .„, ,,,„,. .,.„...,.„...*.,.^*..* _-..  —  —. 

Strain  (it  Umeand  Otnt,  slteroatinff „,,,.„..... 

Slaid ....__.. _ „    ., 

LiiiHi  }irti1  tilfii ..  ,  ...    . 


ntL 


niKlSlIAN    t'OrNTV. 

In  CIiri>itian  (\Hinty,  1  "i  iniU'S  .south  and  east  of  (Ji^Hrk.  i>  ^ 
owru^fl  hy  th^'  Now  Fji^Hiiiicl  Zinc  Compnny.     Depth.  'JJ5  ^wx . 
\\\\\\\  huromiMriciiily,  W\^  fret;  casing,  iH-inrh;  h>iii|M^fMtMn'   'f  ^^ 
TiS    V.\  uf  air,  S<V   I'\ ;  flows  frt^hly  i>\\^v  w  pipt-  1  f*»iM  hi^tr.  ^iirfti^*' 
rnatimK  near  hasr  of  fh^ilVrsiin  City  linit^slmK*.     Thi^  wvW  \\t\-'^\\\- 
ji  pTi>s[irrl   tvole  fnr  ziiie  \\y  the  New  KuLHainl  /im   (Nunfmn)    lii' 

Inrati'sl  tn\  1 1 asl  s\\\\^  nf  the  highway  near  IhiU  (rn^k      Tlw  u 

liasa>li*:ht  uJor  i»f  ^i(l[>hnr,  and  \\  has  [Irpositi^d  jin  \v<i\\  jjrrripir.ni. 
thf*  pi[H\  \\)u<'h  is  rurnnlfMl  ui  uurniM'ous  points.  Tin*  nuk.^'! 
i!e<'i(lt*illy  N(  tli<*  sriuth%vest  for  Beverai  miles.  \s  far  as  \\iv  utjl 
f^nuld  learn  Mils  is  tin*  nnly  flowing  well  in  southern  Mi>>nuri  on  d 
srjNtli  side  uf  the  O/.ark.s.  The  w ater  snp|"Jy  prohaldy  oiiU"-  """ 
snnie  saiidstone-lM'd  in  the  Gasfonade  fonnatiini,  Xn  hi>r  i"  i, 
tihtnineii  and  mi  aiialvsis  of  the  vmter  has  ever  been  made. 
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BALEM. 


Four  miles  southwest  of  Salem,  Dent  County,  in  sec.  3,  T.  33,  R.  6, 
is  a  well  owned  by  Warren  Bertrand  and  drilled  by  C.  C.  Gower.  The 
following  log  was  received  from  Messrs.  M.  L.  Fuller  and  S.  Sanford: 

Log  of  BertraTid  well  near  Saleniy  Dent  County. 


Soft  ttiid,  red 

Gray  lime,  soft 

Blue  lime,  medium  soft 

White  flint,  hard 

Bloe  lime,  soft 


Thickness. 

Depth. 

Feet. 

Feet. 

80 

80 

60 

140 

10 

150 

2 

152 

8 

160 

Seven  miles  south  of  Salem,  in  sec.  18,  T.  33,  R.  5,  is  a  well  owned  by 
George  Bullock  and  drilled  by  C.  C.  Gower.  The  following  log  was 
received  from  Messrs.  M.  L.  Fuller  and  S.  Sanford: 

Log  oj  Bullock  well  near  Salem^  Dent  County. 


Thickness. 

Depth. 

Soft  red  day 

Feet. 
20 
75 
40 

4 
18 

Feet. 
20 

Soft  red  sandstone 

95 

Hard  white  lime 

135 

Hard  gray  flint 

139 

Ratht?  wift  whitfi  Hmi* 

157 

West  of  Salem  in  sec.  13,  T.  34,  R.  6  is  a  well  owned  by  W.  L.  Hogh 
and  drilled  by  C.  C.  Gower.  The  following  log  was  received  from 
Messrs.  M.  L.  Fuller  and  S.  Sanford : 


Log  of  Hogh  well  near  Salem,  Dent  County. 


Sou 

Soft  yellow  clay . 
Blue  flint,  hard. . 
Gray  flint,  hard . 
White  flint,  hard 
Gray  flint,  hard . 
White  flint,  hard 
Gray  flint,  hard . 


Thickness. 

Feet. 

4 
36 
5 
6 
5 
6 
9 
16 

Depth. 

Feet. 

A 

40 

45 

50 

55 

60 

69 

85 
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Weat  of  Salem,  in  set%  13,  T.  'A4,  R.  6,  is  a  well  ohtipH  hxVm 
Stellnum  anJ  tlriltod  hy  C\  <\  Gowt*r.  Thi*  followijig  log  wiia  reoei 
fn>iu  Masai's.  M*  L.  Fuller  ami  S,  Saiifortl: 

Log  {^Sldlman  w^U  mar  S^lmnt  Umi  Touniy. 


CtftF,  red 

Flint  rockp  hard,  blue. . 

Cl*yi  yellow . . ,  „ 

Flint  rock,  bard,  wMU . 
t*lftVt  yellow,  ioft .....  ,^ 
FUnt  roclc,  hiird*  wMt«< 
ClftV,  yellow,  JBoft. ....._ 

Fliit  rock,  bitrd .,,, 

Clay,  n«i,  loft .......... 


A«l 

f 

m 

1 

9 

J 
1 

t 

H 

] 

1 

One  mil©  east  of  Salem,  in  sec.  18,  T.  34,  R,  5,  is  a  well  owm^d 
J,  A.  Murray  and  drilled  by  C.  C\  Gower.     Tlie  following  Ic^ 
received  frum  Messrs.  M.  L.  Fuller  and  S.  Banford, 


Yenowday 

Yellow  rliiV,  witl    mi  oi'i^nHinTiril  f[\v\%  lurtwkier^ 


(iKKKNK    (Ol  NTY. 


ASH     <.I{<)\K. 


Ahoiit  1S7S  Judirc  Kal|)li  Walker,  then  of  Ash  (irovr.  >uiik  :i 
l>(M't  hole  'J'_m;  f(M'(  d('<'j)  on  the  south  line  of  s(m-.  _?s,  T.  :;i),  1^  .- 
the  Coruni  land  and  k('|)t  a  Ac^ry  careful  reeonl  of  tlu>  strata  ]; 
throuirh.  The  follow  ini:  loi:  wjis  furnishe(i  hy  him.  Thi^  \\v.\ 
j)nrt  icidarh'  L^ood  one.  and  it  is  unfortunate  that  it  \va->  ii' '  ^ 
(h'eper. 

Lu,j  ,>J    \VnU:,f  <lr;il,.l  ,<,ll.    Ash  Cinn,  (ir,,n.    (n,,,,::. 


HmiiiiKtcii  liiii'-hMif  (  !:;•>  I'lrt  ■^: 
S.mI, 
(■«>.(  r>i'-Lrr;jMi<''l  ;,'r.'i\   Iiiih'^-Imik-      _  _ _ 

15  ml    rojMpM!    i-Mck    iriiMiiI..ail   like  l.i\ri-..  rh.Tl.  :nu\  ralrlt.- 
LlllM-t.Mi..  .nnl  rtirrl        ... 

(•..,,r-.-  liruu  [1  liiii-v'-io,,,'.  kiH.u  II  ,1-  ■  ■^^•ll(.\v  nn-k   ■ ,    ... 
I'^ii'  ■u'r,ii["''l  Imi-'-tMi;.'  with  lrrni^'iii.Mi>  ,|;iv  ;iii<l  .■;il.it.'. 

rmi.-iMii.  .  _   .  , ,  . .  ■ 

I.ii-'iit   dr.-i!'  Iiiii.-i,,!ir.  |.-rniu'iii"ii-  ,hrr'  

eoar-.-r-LT;inii-cl  liiii.'vi .  .ii.',  mihli  rh-'rr  milI  |>\  rit-' 

Most  I  \   whitf  ili.Tt.  with  -<uiit'  ai-nUarroDv  niaf  t.  r 

Whif.'  .'h.^rt,  ^lial\  .  .Iral.-.olMiv.]  inaKni-  Man  lini.->toii.-.  .  .  . 
Shaly.  argillurtous.  impalpatilt'  powder 
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Chouteau  limeAtone  (43  feet): 

Greenish-yellow,  coarser  roacn^siaTi  limestone 

Buff-colored  argillaceous  limestone,  little  chert 

Drab  argillaceous  magnesian  limestone * , 

Dark-drab  magnesian  limestone,  much  white  chert 

Shaly  magnesian  limestone,  coarse  grained,  no  chert 

Gray  magnesian  limestone,  caldte  crystals,  much  chert 

-  Sac  ••  Umestone  «  ( 14  feet ) • 

Gray  magnesian  limestone,  no  chert 

Bluish-gray  magnesian  limestone,  with  bluish-drab  shale 

"  Eureka"  shale  b  (23  feet): 

Blue  slate  with  bituminous  shale  and  chert 

••  King  "  Umestone  &  (6  feei) : 

Drab  magnesian  limestone,  coarse  grained,  little  shale,  and  ferruginous  day 
Joachim  limestone  (4+feet): 

Drab  magnesian  limestone,  marcasito  crystals 

Llght-drab  magnesian  Umestone,  fine  grained,  no  slUca 


Thickness. 

Depth. 

Feet. 

4 
3 
16 
10 
5 
5 

Feet. 
140 
143 
1S9 
109 
174 
179 

11 
3 

190 
193 

23 

216 

6 

222 

2 
2 

224 
226 

a  Missouri  Geol.  Survey,  vol.  12,  1898,  p.  74. 
fc  Ibid.,  p.  67. 

In  1891  the  Pennsylvania  Mining  Company  sunk  a  sliaf  t  near  the  rail- 
road track,  not  far  from  the  middle  of  section  28  and  close  to  tlie  city 
of  Ash  Grove.  The  following  section  is  taken  from  Winslow's  report 
on  lead  and  zinc  deposits,"  tlie  correlations  for  the  summary  being 
made  by  the  writer,  wlio  also  visited  the  shaft  during  the  process  of 
sinking.  The  Devonian  was  determined  from  the  f nding  of  shark's 
teeth,  Ptyctodus  calceolus. 

Section  of  Pennsylvania  Company^ s  shaft  at  Ash  Grove,  Greene  County. 


I  Thickness. ,   Depth 


Budington  (180  feet): 

Surface  debris 

Umestone,  white,  crystalline,  no  chert:  probably  BurUngton 

limestone,  yellow,  with  clay  pockecs  and  perhaps  some  chert;  close  textured; 
an  intercalated  bed  In  the  Burlington,  frequently  mistaken  for  Chouteau. 

limestone,  dark  colored,  coarsely  granular .' 

limestone,  light  gray,  finer  textured 

limestone  and  chert  In  very  thin  layers,  Umestone  fine  grained  and  dense. . 
C^ooteau  Umestone  (40  feet): 

BhaJe,  drab,  close  textured,  dense,  slacks  on  exposure 

Devonian  (25  feet): 

limestone,  dark  coloreo,  coarsely  granular,  gro\%ing  finer  in  texture  and 
more  arenaceous  toward  base,  contains  some  py rite 

Quartzite,  calamine  near  top,  somewhat  dark  colored 

Sandstone  or  auartzite,  white 

Stiale,  dark,  calcareous,  passing  upward  into  the  sandstone 

ffliale,  almost  black,  arenaceous  in  lower  half;  much  water  flowed  from 

stratum 

Joachim  Umestone  (25  teet): 

Magnesian  Umestone,  light  gray  and  porous;  probably  Silurian 


Feet. 


Feet. 


17 
40 

NO 
90 
105 
180 

220 


224 
230 
238 
241 


In  the  spring  of  1906  the  Ash  Grove  White  Lime  Association 
drilled  a  well  just  nortlieast  of  their  lime  kilns  at  Ash  Grove.  At  a 
depth  of  260  feet  a  strong  flow  of  pure  water  was  struck,  with  a  pres- 
sure suflScient  to  carry  it  30  feet  above  the  surface.  No  record  of 
drillings  could  be  obtained,  but  it  is  probable  that  the  water  came 


aMlMOuri  Oeol.  Survey,  vol.  7,  pt.  2, 1894,  p.  628. 
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UNDERGROUND    WATERS   OF   MISSOURI. 


from  the  St.  Peter  sandstone.     The  well  started  in  the  Burlington. 
The  following  is  the  analysis  of  water  from  this  well : 

Arudyses  of  water  from  well  of  Ash  Orove  WfnU  Lime  Association  ^  Ash  Grove. 

(Analyst,  A.  F.  Shattuck,  chief  chemist,  The  Solvay  Process  Company,  Detroit,  Mich.,  December  5, 

1905.] 


SANiTJkBY  Analysis. 

Parts  per  million. 

Total  residue 181. 8 

Ijoea  on  ignition 37. 8 

4 

056 

08 

0 

09 


MiNKBAL  Analysis. 

Parts  per  million. 

Silica  (SiO,) 9.80 

Oxide    of    iron    and    aluming 

(FejO,+AljO,) Traces. 

Calcium  (Ca) 39. 16 

Magnesium  (Mg) 19.02 

Sodium  (Na) 2. 87 

Chlorine  (CI) 4. 44 

Sulphate  radicle  (SO^) 15. 97 

Carbonate  radicle  (CO,) 90. 98 


Oxygen  consumed 

Albuminoid  ammonia 

Free  ammonia 

Nitrites 

Nitrates 

Turbidity,  none. 
Sediment,  none. 
Color,  none. 
Odor,  none 

The  mineral  constituents  are  probably  combined  as  follows: 

Bypothetical  combination  of  minerals  xn  water  from  well  of  Ash  Grove  White  lAme  Auo- 

ciation,  Ash  Grove. 

Silica  (SiOa) 9. 80 

Iron  and  alumina  (FejOa+AljO,) Tracer 

Calcium  carbonate  (CaCO,) 94.64 

Calcium  sulphate  (CaSO^) 4.37 

Magnesium  carbonate  (MgCO,) 55. 10 

Magnesium  sulphate  (MgS04) 15. 98 

Salt  (sodium  chloride)  (NaCl) 7.31 

The  water  is  slightly  alkaline,  as  the  analysis  shows. 

The  carbonic  acid  was  estimated  by  calculation  from  the  remainder 
of  the  analysis,  as  the  sample  was  not  large  enough  to  permit  an  accu- 
rate determination  of  it  after  the  other  determinations  were  coin- 
pleted.  The  carbonates  are  probably  present  as  bicarbohates;  that 
is,  they  are  held  in  solution  by  an  excess  of  carbonic  acid  over  the 
amount  necessary  to  form  the  normal  carbonates. 
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At  Springfield,  Greene  County,  there  are  three  wells  from  which  a 
record  of  1 ,000  feet  has  been  partially  obtained.  The  logs  of  the  three 
wells  are  as  follows : 


Log  cf  Springfield  TracHon  Compawf  drill  welly  comer  Phelps  avenue  qnd  Main  street 
Springfield,  Greene  County. 


Thickness.     Depth. 


Feet. 


20 


Feet. 


50 

50 

70 

120 

50 

170 

20 

190 

20 

210 

40 

250 

300 


BtuUngton  (250 feet): 

Limestone,  soft,  cherty 

Course-grained  gray  limestone,  some  chert 

Umeetone,  soft,  cherty,  STay*  and  white 

Limestone,  dark  yellowish  drab,  clayey 

Chert,  drab  and  white,  compact  and  coarse  (Chouteau?) ' 

limestone,  gray  and  dark  brown,  little  chert 

HamUb&l  OOfeet): 

Shale,  dark  drab;  plastic  clay ' 

Louiiriana  (20feet):  I 

Limestone,  very  compact,  dense,  dark  gray,  small  quantity  white  knife- 

blade  chert ' 

Devooisn  (40  feet)  : 

Sandstone,  well  cemented,  fineffrained,  white 

Limestone,  compact,  white  or  ugfat  gray,  some  sray  chert  and  iron  stains . . 
Limestone,  compact,  bluish  gray,  some  iron  stams;  probably  same  as  last; 

free  from  chert 

Same  as  last,  but  with  peculiar  brownish-gray  tinge,  apparently  more  mag- 

nesian 

Joschim  Ihnestone  (60  feet) : 

Limestone,  rather  soft,  white,  earthy,  free  from  chert,  some  iron  stains 

Limestone,  cherty,  yellowish,  with  light-gray  sandstone  and  calcareous 

cement;  iron  st«kins  numerous ' 

Limestone,  compact,  light  gray,  few  rounded  quartz  grains 

Limestone,  dark  gray,  dense,  with  a  siliceous  appearance,  inclosing  a  few 

rounded  grains  of  quartz;  iron  stain 

Missing I 

St.  Peter  sandstone?  (35  feet) : 

Sandstone,  light  color  to  grayish  yellow,  fine  grained,  with  calcareous  i 

cement;  iron  stains 

Limestone,  light  gray,  silioeous 

Sandstone,  fine  grained,  light  colored 

1  I 

No  record  is  available  from  435  to  617  feet,  where  the  following  log 

begins: 

Log  of  gas  company  well,  Springfield,  Greene  County. ^ 

[Record  first  preserved  at  617  feet.] 


10 
10 

310 
320 

10 

330 

10  , 

340 

10 

350 

10  i 
10 

360 
370 

10 
20| 

380 
400 

20 
10  , 
5 

420 
430 
435 

Limestone,  light  gray,  with  little  white  chert 

Umestone,  fine  grained,  brownish  gray,  crystalline,  a  little  white  chert. 
Limestone,  compact,  gray;  bluish-white  chert;  iron  stains. 


Umestone.  compact,  earthy,  nearly  white,  free  from  chert;  little  iron  stain 

Limestone,  dark,  grayish,  crystalline,  with  white  chert 

Limestone,  hard,  white,  earthv  to  brownish  gray,  crystalline;  little  iron  stain.. 
Similar,  with  white  conchoidaf  chert,  some  vein  quartz,  and  a  small  quantity  of 

pink  limestone 

limestone,  dark  gray,  compact,  containing  rounded  grains  of  quartz  and  a  little 

chert 

limestone,  gray,  crystalline,  with  numerous  rounded  quartz  grains  and  some 

chert 


Thickness. 


Sandstone,  yellowish  grav,  with  some  calcareous  matter  and  iron  oxide. 
imestone,  flndy  crystalline, 


teoord  missing. 


,  gray,  chert  partly  colitic,  and  quartz  grains . 


Feet. 


Depth. 


Feet. 


617 
«20 
630 
640 
650 
660 

672 

680 


10 

mo 

5 

(m 

5 

700 

127 

827 

a  Jefferson  City  limestone,  Roabidoux  sandstone,  and  Gasconade  limestone  constitute  this  log,  but 
bey  can  not  be  correlated. 


132 


unmsBoBoimn  watebs  of  mikhol^l 


nieka*    D^ifc  i 


LiincMtoiic,  light  Rray,  iilitvoiiai,  with  Kmnll  pmportlcm  of  imn  DXld<i:  maJiJi^ 
ehi'rt ,  part  nf  which  is  oolitic; 


t^Liuestoiio,  lii^ht  gray.  It^fis  ^llkftous  than  ui>o  ve^  arid  tthghtiy  Oolamitlf?*  vith  Inai 

bjiidt*  iiud  g»^t<^i;u;  rhurty  [^nion  partly  r»oJille*...-*,* . ^_.>^__....... 

Doloiuiti-,  prayp  mIicimhis^.. ....... _, ,^.^,, _,,,_.,*..*.*<., ,,*.,,, 

Limevtouts  fk«lnaijttt%  with  iroti  osicJ** .,^ ,-.,,,,,•,.„,,,« 

Liim^^ionis  ti^rhi  if  ray  to  ii  party  whiUs  fine' jifr*  npd;  no  inlde,.* .*«.^<....^.». 

noE^in[t*\  II Mc  u:n\  ntni,  ^my,  aihtnm.^,  ft  ilh  a  Unit?  iron  oxIiIp....-..^.._.^ ....„♦ 
Chort,  lU'Hrty  |itin=  whit*^  to  licbt  srrdv.  with  immfl  tron-cixidit  nt^iiiii,.,.  ,.„,..^, 
LuTU'ftroiui,  liiiiit  tolon^iL  fliii^fy  griujuiiir,  frw  fn>ni  Chert;  aottic  tron  oitidfl^....* 
I^iKimitc,  ilurki-i^riy,  rather  hni'ly  L'ry!iift||Lm\  Witbiicompti£^  whit«<^beft  ntseiii* 

Mj iig  BMrhnKlon  clw^rt;  I roti-oshtii  eta  nif 

LiniP^tcmO'^  I  tg:ht  *^olpjnt»d^  with  I'bpit  anrl  itori  utainff .  _..__.._ . 

Linip-jfturif*,  light  cn^irrd,  ncjirtv  whjto  und {'runpanitive'ly  ptiir;  iron  atfljiu. ... 
I,itjir»tonr.  ftnc  irt>i(nnd-  ery?il»iU»(%  gTH-i\  while  <'iiJt'ite  ery^lftl**  »Jid  [tmk  <l<jlcv 

miti*'  I  roil  HiiiliiM  - , . , , , ^ .... . 

Liirii-Htim4u  tnitt^piii'l  i4> cry^tifcJI'ii^^  With  c-hetrt  AiJd  ii^me  Iroti  Bt^n$, ,  „  ^ . , , .  ^  ^ 


1 
U 
H 

s 
t 

It 
It 

15 
11^ 


t 


Tlic  well  of  the  i^priiigfield  Traction  Company  was  put  Av^d  m 
summer  nf  i  W2  in  ordH'  to  .supply  wat^r  for  the  boilers*  v^ 

\\ousi\  Till*  tirilliti^s  wert*  earefutly  watched  hv  tliP  wtiUt  A;:  -i 
flow  "wa.s  olittiinec]  from  the  St.  Poter  t^andstoiie,  hut  thcwaliT^i^ 
apparently  inij>regiiated  with  other  water  and  very  liard  in  « i'^ 
quenc«.  The  35  feet  of  saridst-one  at  400  feet  Ls,  witlioiH  fiouHi  i: 
Sf.  Peter  <^ftnd^tone.  and  Lh  mmiv  up  of  rounded,  waterwtri  ^['-^^ 
irnnn-.  -li^Hifly  inni'Sinincd.  mimI  liM>sel\  cnhm^itf  li  is  in^eailv t^*^ 
n*Lrr^llt'd  Hill  I  coiiipif'tr  rrronls  i>r  Mh'  pi>i  r(Mn[iany  hikI  rolil-i<»raL'^ 
\^  f^n^  iin*  lint  oUtijinnMe. 

.Mnpiii   \'^7i>  iIh'Si     L(Miis  jiriil  >?ui  ["'rniirisiii  fiiiilrnmi  ^firjk  iii'^ 

\\r\\  I'nr  \v?iU'r  lil   thi'  rsir  r^liops.  nurtll  nf  (  unMiH-n'iril  -iriTJ  uiuM^^' 
fn^Mon  m('mn\  in  ^\!inl  wn^  lliiHi  Xurth  Sprinjjliild       TliiMJiUlrf 
\\n>  \\\A  \\\i\i\r  \i\il}\\v  [\iv  liisniv  xctiis.      ll  i>  pr<ki>n!jl*^  ihni  (he    -^^  " 
>lofir  '  I'mdunU^ird   iVniii  liin  lil  iMr"   frrl   iii   I  iii>  \\<*ll   u  ej>  Ji  -jli' '    ' 
liiiir^luiit'.     TliiMuitfr  Inii)  im  itppnriutiiiy  hi  see  ilu' il(il]lni!-  ^^•' 
vv*M'e  iimI    pre-^rivcJ    l*ul  -t>    jjimiiv  iiisiiiiice^  lijive  iKtUriril  id  \\1ii'^ 
}ihir-,fnnr  ul    l|li>   rl)i(I';<rlej'   lui>   lu'MI    hU-tjikcil    ftiT  -jihil^tnllr  1'^  ' 
(Irillri    \\inl    lliis  iuIVi(*Mi'e  -^riMH^^  Jii^tiliuMr 

T]\v  WEiIrr  nIrUjiiinl  riuiii  I  111- ^s  ill  u  ns  clr^i  r  and  lint',  ilmilii^i' 
iinil  I  lie  irnipiTJilnri*  al  I  In*  IiciMuih  nf  I  hi'  \\v\]  wn^  (Ul"  V  Tin'  ''^' 
■sitnuh'd  nii  [lie  erf^sf  uf  tiie  Lnral  dividt*  nv  wnlor<hiH|  nf  ihrO/./^ 
vnihT  In  llirnoi'ili  j|^^^  in^  into  Sjir.  <  ^siij^r .  uiul  Mi--Mnii  rivii>,ii  '^ 
ilir  -isinlj  inh?  VVil^nit  i'rvrk,  >li\UH'>,  \Vhiu\  and  Mi>-i--il>|ii  ri^-^ 
Imh  till-  na^nii  llir  \\n\vv  k\  rl  i-  (le(/[>,  hi'in;:  22'i  iVi'l  (  niisulrri^' 
wiihr  \\i\'-  rarawwlrn'ti  a1  a  ilrfilli  nf  IliTi  IVrL  rsirlriiilv  fi'Mii  '^ 
■^I'lii^lp-  '  -anii^luiM.  Vi  UH'i  \\i\.  in  ftie  Si.  Vvii^i  -arnUluiH  '" 
wateJ   s>ji>  te-vtf*tl  In  puinpiinj  olH)  j^^iilorLs  [ior  liour,  wliirli  li^^u'l^^l 
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50  feet.     More  water  was  struck  at  540  feet.     At  610  feet,  in  the  Rou- 
bidoux  standstone,  750  gallons  per  hour  were  pumped  without  lower- 
ing the  level. 
The  following  is  the  log  of  this  well : 

Log  of  well  at  car  shopSy  Springfield,  Greene  County. 


Burliiisrton  (250  feet): 

Soil  and  limestone 

Gray  limestone 

Flint  and  limestone 

Limestone 

Chouteau  limestone  (47  feet): 

Soft  riate  or  soapstone 

Gray  limestone 

Devonian  ("  Phelps  "  sandstone^)  (4  feet): 

Sand  rock 

Devonian  ("  Sac  "  limestone  a)  (29  feet): 

Gray  limestone 

Flint,  limestone  with  pyrites 

Devonian  ("  King'  limestone  a)  (6  feet): 

L'ght-gray  limestone 

JoAch  m  Lmestone  (54  feet): 

Flint  and  limestone 

Grav  limestone 

White  gritty  limestone 

Fine  limestone 

Coarse  limestone 

St.  Peter  sandstone?  (16  feet): 

Porous  sandstone 

Limestone  and  some  sand 

Jefferson  City  limestone  (126  feet): 

Bluish-brown  limestone 

Fine  flintv  limestone 

Fine  sand 

Fine  gray  limestone 

Roabidoux  sandstone  (55  feet) : 

Very  fine  sand  rock 

Gasconade  formation  (138  feet): 

Brown  1  mestone 

Flinty  s  lioeous  rock 

Very  fine  white  sand  rock 

Finer  sand 

Sand. 


Thickness. '   Depth. 


Brownish-gray  limestone  and  flint 

Reddish-brown  limestone 

Gray  limestone  and  white  flint . 

Fine  white  sand,  sharp  grit I      22 


Ft. 

in. 

Ft. 

in. 

Xt 

.0 

35 

-U 

18 

.0 

153 

.0 

62 

.0 

215 

.0 

35 

.0 

250 

.0 

30 

.0 

280 

.0 

17 

.0 

297 

.0 

4 

.0 

301 

.0 

17 

.0 

318 

.0 

12 

.0 

330 

.0 

6 

.0 

336 

.0 

4 

.0 

340 

.0 

7 

.0 

347 

.0 

25 

.0 

372 

.0 

3 

.0 

375 

.0 

15 

.0 

390 

.0 

8 

.0 

398 

.0 

8 

.0 

406 

.0 

29 

.0 

435 

.0 

77 

.0 

512 

.0 

10 

.0 

522 

.0 

10 

.0 

532 

.0 

55 

.0 

587 

.0 

5 

.0 

592 

.0 

8 

.0 

600 

.0 

10 

.0 

610 

.0 

10 

.0 

620 

.0 

25 

.0 

645 

.0 

33 

.0 

678 

.0 

12 

.0 

690 

.0 

8 

.0 

698 

.0 

22 

.10 

720 

.10 

a  Missouri  Oeol.  Survey,  vol.  12,   1898,  p.  67. 

About  1888  the  Frick  Ice  Company  siuik  several  wells  near  Phelps 
avenue  and  Summit  street.  The  water  obtained  was  hard.  The  fol- 
lowing is  the  log  of  one  of  the  wells: 

Log  of  well  of  old  Frick  ice  factory,  Springfield,  Greene  County. 


Toarse^rained  gray  limestone 

White  flint  and  gray  limestone 

Fine-grained  limestone 

L  ght  gray  argillaceous  limestone 

Light-gray  fine  limestone 

Hard,  fine-grained,  shaly  buflf  limestone. 

Ftne-grained  argillaceous  limestone 

Ught-ffray  limestone 

Fine  white  magnesian  limestone 


Thickness. 

Depth. 

Feet.       , 

Fret. 

100 

100 

40  ' 

140 

40 

180 

144  1 

324 

16  1 

340 

5 

345 

27 

372 

34 

406 

50  ! 

456 
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HOWELL   COUNTY. 

WEST   PLAINS. 


Three  miles  southwest  of  West  Plains,  Howell  County,  in  sec.  35, 
T.  24,  R.  8,  is  a  well  owned  by  the  Frisco  Ore  Mining  Company.  The 
following  log  was  received  from  Messrs.  M.  L.  Fuller  and  S.  Sanford: 

Log  of  well  at  West  PlairUy  Howell  County. 


i  Thickoees.  j  D«pth. 


Red  or  yellow  clay  and  chert,  commonly  known  &»  Boone  chert 

Dolomite  of  irregular  strata,  carrying  some  iron  ore  all  through  from  top  to 
bottom 


FerL       |     Fert 


310  I 


JASPER   COUNTY. 

CARL  JUNCTION. 

Three  miles  north  of  Carl  Junction,  near  the  Kansas  City  Southern  , 
Railway,  in  sec.  19,  T.  29,  R.  33,  is  a  well  on  land  owned  by  R.  H. 
Crain,  of  Carthage.  Three  holes  were  drilled;  the  first  two  stopped 
flowing  when  the  third  was  put  down.  These  wells  were  sunk  in  1900 
to  a  depth  of  about  200  feet  each.  They  are  cased  with  5|-inch  casing 
to  bottom.  They  passed  through  alternating  beds  of  limestone  and 
flint  all  the  way  down.  No  log  was  kept,  but  the  drilling  was  all  the 
way  in  Burlington  limestone. 

The  third  well  has  flowed  continuously  since  it  w^as  first  put  down, 
the  water  rising  3  feet  above  the  ground  and  flowing  over  the  pipe. 
The  water  is  clear,  cold,  and  hard.  The  drilling  was  done  by  llr. 
Kilgore,  of  Webb  City.' 

CARTERVILLE. 

Mr.  W.  C.  Glenn,  superintendent  of  the  American  Lfead  and  Zinc 
Smelting  Company,  furnishes  the  following  data  in  regard  to  a  well, 
799  feet  deep,  sunk  on  the  company's  land,  at  Carterville,  Jasper 
County,  in  1891.  The  principal  vein  of  water  was  found  at  700  feet, 
in  sandy  rock,  and  the  water  rises  within  115  feet  of  the  surface.  It 
is  used  for  boiler  and  drinking  purposes.  The  drilling  cost  $1.10  per 
foot.  No  log  was  kept,  but  the  following  analysis  of  the  water  wa^s 
obtained: 

Analysis  of  water  from  deep  well  of  the  American  Lead  and  Zinc  Smelting  Compam/, 
Carterville,  Jasper  County. a 

Parts  per  million. 

Silica  (SiOa) 11 

Iron(Fe) ' 08 

Aluminum  ( Al) 11 

Calcium  (Ca) 53 

Magnesium  (,Mg) 7.3 

Sf)dium  ( Na) 24 

a  Expressed  by  analyst  in  grains  per  gallon;  recomputed  to  ionic  form  and  p&rta  per  million  at  Unit^ 
States  Geological  Survey. 


Parts  per  million 

Bicarlxmate  radicle  (Hl'Os) 254 

Sulphate  radicle  (SO^) 1.  i 

Chlorine  (CI) 5 

355.  tS 
Total  residue  on  evaporation 263. 5 


JASPER   COUNTY. 


135 


CARTHAGE. 


One  of  the  deepest  and  most  important  wells  in  the  southern  half  of 
the  State  is  that  at  the  Harrington  dairy,  near  Carthage,  at  an  eleva- 
tion of  955  feet.  This  well  i:  owned  by  Charles  O.  Harrington,  pro- 
prietor of  the  Harrington  Hotel.  It  was  drilled,  in  1890,  to  a  depth  of 
2.005  feet,  with  an  8-inch  bore.  So  far  as  known  this  is  one  of  the 
four  wells  in  the  State,  outside  of  the  granite  area,  that  reaches  the 
crystalline  rocks.  Water  is  obtained  by  pumping,  and  is  used  for 
domestic  purposes  and  for  the  dairy.  It  is  slightly  hard,  clear,  pure, 
and  cold.  The  cost  of  this  well  was  $4,000,  and  $1,000  more  was 
expended  for  pump  and  tanks. 

Log  of  Harrington  deep  well,  near  Carthage,  Jasper  County. 


Thickness. 


Burlington  limestone  (355  feet) : 

Soil  and  clay  with  chert  fragments 

Chert,  buff  and  bluish  white,  somewhat  coarse  grained 

Limestone,  gray  and  white,  with  layers  of  chert  and  with  10  to  15  per  cent 
magnesia 

Chert,  compact,  white  and  buff  colored,  little  limestone  in  lower  half 

Chert  and  limestone,  white  and  drab,  two-thirds  chert 

Chouteau  (15  feet)  : 

Limestone,  shaly,  with  some  chert 

Hannibal  (15  feet) : 

Shale,  light  drab  and  yellow 

Devonian  (&>  feet) : 

Limestone,  grayish-brown,  siliceous,  cherty  and  sandy  (rounded  grains  of 

white  quartz) 

Joachim  limestone  (50  feet) : 

Dark-gray  silico-magnesian  limestone,  with  little  chert  (5  per  cent) 

St  Peter  sandstone  (85  feet) : 

White  sandstone,  small  rounded  grains  of  quartz 

Sandstone,  some  chert  and  siliceous  gray  limestone 

"  Potosi "  and  Saratogan  (910  feet) : 

Dark-gray  magnesian  limestone,  cherty 

Gray  umestone  with  diert  containing  small  sand  grains 

Fine-grained  crystalline  white  limestone 

Same,  with  a  little  chert  and  considerable  brownish-yellow  material 

Similar,  but  with  more  chert  and  limestone  and  less  brown  material 

Magnesdan  limestone 

Magnesian  limestone,  slate-colored,  clayey 

Afdiean  (255  feet} : 

Fine  dark-reddish  porphyry  grains  with  quartz  sand 

Same,  darker  and  coarser,  with  light-colored  dolomitic  limestone  and  sand  , 


Feel. 


15 
15 

135 
80 
110 

15 

15 


Depth. 


Feet. 


15 
30 

165 
245 
355 

370 

385 


60 

560 

25 

58.5 

15 

600 

165 

765 

55 

820 

100 

920 

80 

1,000 

675 

1,675 

75 

1,750 

200 

1,950 

55 

2,005 

CHTTWOOD. 


Mr.  H.  O.  Ballard  furnished  the  accompanying  log  of  a  deep  well 
on  the  United  Zinc  Company's  land  at  Chitwood,  near  Joplin,  in  sec. 
32,  T.  28,  R.  33,  on  lot  48.  This  well  has  a  6-inch  bore  and  was 
drilled  to  a  depth  of  800  feet.  Water  rises  within  100  feet  of  the 
surface,  and  pumping  does  not  materially  affect  its  level.  The  water 
is  used  for  boiler  and  drinking  purposes.  The  cost  of  drilling  was 
$800. 

isB  195—07 10 
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Log  of  deep  well  of  United  Zinc  Company,  ChUwoodj  Jasper  Coun^. 


Thickness.    Depth. 


Hardpan 

Blue  chert 

Limestone  and  chert 

Limestone 

White  chert 

Blue  chert  and  limestone 

Shale 

Blue  chert  and  limestone 

Shale 

Chert 

Limestone t 

Green  selvage 

Limestone  and  chert 

Blue  chert 

Limestone 

Chert 

Limestone 

Limestone  and  chert 

Same 

Limestone 

Limestone  and  chert 

Limestone 

Limestone  and  chert 

Limestone 


Feet. 


FeeL 


18 

15 

27 

15 

35 

m 

d5> 

ITS 

25 

300 

*, 

2« 

10  ' 

230 

16  1 

2» 

e! 

272 

73 

345 

5| 

390 

is' 

366 

10, 

375 

3 

z:% 

22 

400 

8| 

V^ 

123 

531 

4' 

535 

701 

605 

4 

en 

31  , 

640 

5I 

64S 

60 

705 

951 

»0 

DUENWBG. 


Two  miles  northwest  of  Duenweg,  Jasper  County,  is  a  well  owned 
by  S.  D.  Mitchell  and  drilled  by  S.  N.  Smith.  The  following  log  was 
received  from  Messrs.  M.  Ij.  Fuller  and  S.  Sanford: 

Log  of  Mitchell  well  near  Duenweg j  Jasper  County.* 


Thickness. 


Depth. 


Cement 

Lime  and  chert... 
Chert,  jack  shines 
Chert  and  lime... 
Chert,  jack  shines 
Chert  and  lime... 
Coarse  grav  lime. 
Lime,  black 


Feet. 


13 
32 
5 
140 
10 
150 
150 
155 


FeeL 


13 

50 
190 
200 
350 

5oe 


JOPLlK. 

The  Missouri  Ijead  and  Zinc  Company  drilled  a  well  in  Joplin  near 
the  center  of  the  NE.  J  SW.  },  sec.  11,  T.  27,  R.  33,  at  an  elevation 
of  about  1,018  feet  above  sea  level.  This  well  was  drilled  by  Bailey 
&  Waugh,  and  the  following  data  were  fumiahed  by  Mr.  H.  R.  ConkliB: 

Log  of  well  cf  ytissouri  Lead  and  Zinc  Company,  Joplin ,  Jasper  County. 


Thickness.  I  Depth. 


Clay  and  flint  bow*  lers. 

Lime 

Flint. 


Feet. 


Lime 

Lime  and  flint  with  very  few  shines  of  jack. 
Lime. 


Lime,  flint,  and  sandstone 

Flint,  with  very  few  jack  shines. 

Siliceous  limestone 

White  sandstone 

Siliceous  limestone 


Fed. 


12 

U 

173 

1S5 

ion 

2feS 

177 

4N 

5 

a 

20 

0: 

327 

a: 

3 

so 

140 

90" 

10 

9:<i 

417 

1,38: 
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At  940  feet  drilling  was  suspended  and  a  pump  piaced  in  well  151 
feet  below  the  surface.  The  water  level  was  107.5  feet  below  the  sur- 
face; capacity,  39  gallons  per  minute,  and  35.3  gallons  per  minute 
after  pumping  twenty-three  hours. 

When  the  drill  reached  a  depth  of  1,387  feet  the  pump  was  again 
started.  The  water  then  rose  within  110  feet  of  the  surface;  the 
capacity  was  96^  gallons  per  minute  after  pumping  one-half  hour, 
68  gallons  per  minute  after  pumping  nine  hours,  and  68  gallons  per 
minute  after  pumping  twenty-three  hours.  In  both  tests  the  pump 
discharged  all  water  furnished  by  the  well  due  to  the  head  pumped 
off,  the  pump  being  kept  on  air  during  the  test.  In  November,  1903, 
the  pump  was  lengthened  to  211  feet.  The  water  stood  at  a  depth 
of  110  feet;  the  pump  ran  to  a  capiacity  of  125  gallons  per  minute 
without  any  indication  of  going  on  air. 

The  hole  was  drilled  13  inches  in  diameter  to  400  feet,  and  cased  to 
that  depth  with  lOf-inch  (inside)  casing.  From  400  to  1,105  feet  the 
hole  was  drilled  8i  inches,  and  from  1,105  feet  to  1,387  feet  6\  inches 
in  diameter  J  All  ground  below  the  first  12  feet  was  hard  enough  to 
stand  without  caving. 

The  following  are  some  analyses  of  the  water  from  this  well: 

Analyses  of  walerfram  weO,  of  Missouri  Lead  and  Zinc  Company ^  JopUn^  Jasper  County,*^ 
ANALYSES  AT  TIME  OF  DRILLING. 
['Analyst,  Cleveland  &  Millar  Analytical  Laboratory.] 
FIB8T  Pumping,  MO  Fxet.  Second  Pumping,  1,387  Fekt. 

Parts  per  million.  Parts  per  million. 

Silica(SiO,) 14        '  Silica  (SiO,) 10 

Iron(Fe) 83  I  Iron  (Fe) 90 

Calcium(Ca) 44        \  Alumina  (Al) 48 


Magneeiuin  (Mg) 22 

Sodium  (Na) 23 

Bicarbonate  radicle  (HCO,) 272 

Sulphate  radicle  (SOJ 13 

Chlorine  (a) 10 


398.83 


Calcium  (Ca) 37 

Magnesium  (Mg) 17 

Sodium  (Na) : 23 

Bicarbonate  radicle  (HCX^j) 224 

Sulphate  radicle  (SO^) 14 

Chlorine  (CI) 12 


Readue  on  evaporation 263  338. 38 

ANALYSIS  OF  WATER  TAKEN  DECEMBER  7,  1903,  FROM  A  TAP  AT  POWER  HOUSE. 

fAnalyst.  C.  V.  Miller.l 
Parts  per  million,  j  Parts  per  million. 


Bicarbonate  radicle  (HCO3) 168 

Sulphate  radicle  (SO^) 16 

Chlorine  ( CI ) 7 


Silica  (SiO,) 12 

Iron(Fe) 1.7 

Calcium  (Ca) 34 

Kiagnesium  (Mg) 14 

Sodium  (Na) 7.7 

•  Expressed  by  analynts  in  grains  per  gallon  and  hypothetical  combinations;  recomputed  to  ionic 
term  and  parts  per  million  at  United  States  Qeological  Survey. 


260.4 


175.7 
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ANALYSIS  OF  WATER  TAKEN  MAY,  1904. 

[Analyst,  J.  n.  Parsons  Chemical  Company.] 

Parts  per  million.  Parts  per  miUkm 

Silica  (SiO,) 9.9     Chlorine  (CI). 

Calcium  (Ca) 41 

Magnesium  (Mg) 18 

Carbonate  radicle  (CO,) 98 

The  well  pump  is  a  Comish-style  lift  pump,  with  barrel  7f  inches  in 
diameter,  stroke  5  feet,  operated  by  electric  motor.  Distribution 
system,  4-inch  cast-iron  pipe  mains.  Emergency  steam  pump,  14 
by  8  J  by  10  inches,  duplex,  supplied  by  reservoir  of  1,000,000  gallons 
capacity,  always  ready  for  operation.  Usual  pressure,  40  to  80 
pounds;  fire  pressure  to  be  100  pounds.  In  ordinary  operation  the 
well  pump  delivers  water  direct  to  the  mains  and  the  pressure  is 
equalized  by  a  pressure  tank  36  by  7  feet  in  diameter,  containing  an 
air  cushion. 

The  Freeman  well,  near  Fourteenth  and  Joplin  streets,  Joplin,  was 
drilled  in  1901,  to  a  depth  of  908  feet,  400  feet  being  cased  with 
6|-inch  casing  and  the  remaining  508  feet  with  5f-inch  casing.  Strong 
flows  were  obtained  at  depths  of  815,  860,  875,  and  900  feet.  The 
water,  which  rises  within  120  feet  of  the  surface,  is  soft  and  contains 
a  little  sulphur.  It  is  used  for  the  boilers  of  the  Freeman  Foimdn'. 
The  cost  of  the  well  was  $2,000. 

A  strong  odor  of  gas  was  noticed  with  the  first  flow  of  water,  at  815 
feet,  and  continued.  When  this  depth  was  reached,  seepage  water 
rose  in  the  case  to  80  feet  below  the  surface,  but  was  easily  bailed  out. 
When  the  815-foot  flow  was  struck,  the  surface  of  the  water  in  the 
well  dropped  to  a  depth  of  1 19  J  feet,  where  it  has  remained  ever  since. 
Neither  compressed  air  nor  bailing  lowers  this  level,  and  the  removal 
of  300,000  gallons  in  twenty-four  hours  has  had  no  effect.  The  well 
is  now  pumped  at  the  rate  of  20,000  gallons  in  twenty-four  hours. 
The  temperature  of  the  water  is  65°  F. 

The  following  is  an  analysis  of  water  taken  from  the  815-foot  level: 

Analysis  of  water  from  Freeman  Foundry  deep  well,  Joplin,  Jasper  County. a 
[Analysts,  Cleveland  &  Millar.] 
Parts  per  million.  Parts  per  mlllioo. 

Silica  (SiOj) 7.2  |  Potassium  (K) Trace. 

Iron     and     alumina     oxides  Bicarbonate  radicle  (HCO,) 254 

(FeA+AljOj) 4 

Calcium  (Ca) 53 

Magnesium  (Mg) 16 

Sodium  (Na) 20  398.6 

a  Expressed  by  analyst  in  grains  per  gallon;  recomputed  to  ionic  form  and  parts  per  million  at  Unitsd 
States  Geological  Survey. 


Sulphate  radicle  (SO^) 35 

Chlorine  (CI) 7. 0 


JASPEB   COUNTY. 


139 


The  following  is  a  more  recent  analysis  of  the  same  water,  October, 
1904: 

Analysis  of  water  from  Freeman  Foundry  deep  well,  Joplin,  Jasper  County. ^ 
[ADAlyst,  Harrison  Hale.] 
Parts  per  million.  Parts  per  million. 


SiUca  (SiO a) 35 

Iron     and     alulnina     oxides 

(Al,0,4-Fe,0,) 9.7 

Calcium  (Ca) 52 

Magnesium  (Mg) 5 

Sodium  (Na) 3. 5 


Carbonate  radicle  (CO3) 79 

Sulphate  radicle  (SOJ 19 


Chlorine  (H) . 
Organic 


5 
2.5 


210.7 


Three  and  one-half  miles  southeast  of  Joplin,  in  sec.  7,  T.  27,  R.  32, 
is  a  well  owned  by  the  Rex  Mining  and  Smelting  Company  and  drilled 
by  W.  R.  Burchell.  The  following  log  was  received  from  Messrs. 
M.  L.  Fuller  and  S.  Sanford: 

Log  of  welt,  of  Rex  Mining  and  Smelting  Company  near  Joplin,  Jasper  County. a 


Bine  and  white  chert . 

Dark  abate , 

Oray  and  white  Ume . 


Tblclmess. 


Feet. 
230 
6 
472} 


Depth. 


Feet. 
230 
235 
707J 


Water  was  struck  at  about  60  feet. 


One-fourth  mile  south  of  Joplin  is  a  well  owned  by  Tim  McCarty 
and  drilled  by  H.  W.  Atherton.  The  following  log  was  received  from 
Messrs.  M.  L.  Fuller  and  S.  Sanford: 


lA>g  of  McCarty  well  near  Joplin,  Jasper  County. 


Thickness. 

Feet. 
20 
35 
6 
40 

200 

Depth. 

Red  day  and  chert 

Feet. 
20 

Dark  Itnw»  and  hhi«  ch«rt 

55 

Blue  chert 

60 

time  and  white  chert 

100 

Ume  and  chert;  hard  limy  water 

300 

WEBB   CITY. 


At  Webb  City,  Jasper  County,  the  Missouri  Zinc  Fields  Company 
sunk  a  well  to  the  depth  of  854  feet.  The  drilling  was  done  by  Cross- 
man  Brothers  and  was  completed  November  15,  1902.  The  altitude 
of  the  well  is  940  feet.  Strong  flows  of  water  were  found  at  795  and 
845  feet^  in  limestone  openings.  Water  rises  within  100  feet  of  the 
surface.  The  cost  of  the  well,  piping,  tanks,  pumps,  etc.,  was  $2,150. 
The  water  is  used  for  boiler  and  domestic  purposes. 

o  Bkpressed  by  analyst  in  grains  per  gallon  and  hypothetical  combinations;  recomputed  to  ionic 
form  and  parts  per  million  at  United  States  Geological  Survey.  ^ 
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The  accompanying  analysis  of  water  from  this  well  was  made  by 
Waring  &  Son,  Webb  City: 

Analyttx  of  water frum  wtU  of  Mis9miH  Zinc  Fields  Company,  Webb  City,  Jasper  Counijf.* 


Parts  per  million. 

Silica  (SiOj) 13 

Calcium  (Ca) 52 

Magnedom  (Mg) 18 

Sodium  (Na) 3. 9 

Carbonate  radicle  (CO,) 120 


Parta  per  iDiIli<ra. 

Sulphate  radicle  (SOJ 4.8 

Chlorine  (a) 5.9 

Undetermined 7.7 


225.3 


The  foUowing  is  the  log  of  this  weD: 

Log  ofweU  of  Missouri  Zinc  Fields  Company,  Wehb  City,  Jasper  C^mnty. 


Soapstone  and  slate  sand  bowlders 

Limestone,  shine  of  lead 

Blue  and  white  flint 

Limestone  and  blue  flint 

Blue  and  white  flint 

Blue  and  white  flint,  zinc  shines 

Limestone  bowlders 

Blue  and  wliite  flint,  sand  and  spar  eround,  soft . . . 

Limestone  and  blue  and  white  flint,  nard 

Slate  and  shale 

Limestone  and  blue  flint 

Limestone 

White  sandy  limestone 

"Tiff"  and  spar 

Gray  limestone 

Limestone  and  flint 

Limestone  and  flint,  darlc;  zinc  shines 

Limestone  and  wliite  flint 

Brown  limestone  and  white  and  blue  flint  in  strata. 

Opening 

Sandy  limestone 

Blue  and  white  limefrtone  and  "tiff" 

Opening 

Limestone 


Depth. 


Feet. 

FetL 

67 

€ 

9 

% 

1 

H 

45 

m 

24 

i« 

14 

m 

4 

164 

41 

ai& 

80 

2& 

1 

» 

60 

3ff 

55 

IE 

ao 

d 

1 

422 

68 

m 

12 

SOS 

5 

3r 

96 

«s 

199 

7M 

1 

:bs 

40 

85 

9 

m 

m 

9 

94 

In  a  shaft,  a  short  distance  away,  a  stream  yielding  1,000  gallons  d 
water  per  minute  was  encountered.  This  water  is  highly  charged 
with  iron  sulphate,  which  soon  clogs  the  6-inch  pipe  and  which  fonns 
a  cement  binding  the  pebbles,  etc.,  into  a  conglomerate  where  it  flows 
out  on  the  ground.     The  temperature  is  64°  F. 

The  Southwest  Missouri  Electric  Railroad  Company  sunk  a  wdl 
to  the  depth  of  826  feet,  with  an  8-inch  bore,  near  its  power  plant  a< 
Webb  City.  The  depth  of  the  principal  source  of  water  is  815  feel 
and  another  vein  was  found  at  250  feet.  The  water  rises  within  75 
feet  of  the  surface  and  has  a  temperature  of  50°  F.  The  well  cosi 
$2,000  for  drilling,  and  an  additional  $500  for  pumping  machinery 
The  following  analysis  of  the  water  is  given,  the  analyst  and  daU 
being  unknown: 


o  Expressed  by  analyst  In  grains  per  gallon  and  hypothetical  combinations;  reoompoted  to  k>i^ 
form  and  parts  per  million  at  United  States  Geological  Surrey. 
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Analysis  of  water  from  well  of  SotUhwest  Missoitri  Electric  Railroad  Company ,  WM 

Cityy  Jasper  County. o 

Parts  per  million.   ^  Parts  per  million. 

Silica  (SiO,) 3.7     Sodium  and   potawium  milphateB 

Iron  and  aluminum  oxidw  { FejO,  ^Na2S04+  KjOO^) 24 

+AI2O, 5.0     Sodium    and    potassium  chlorides 


Calcium  (Ca) 28      '      (NaCl+KCl) 5.7 

Magnesium  (Mg) 14 


Carbonate  radicle  (CO,) 76 

Sodium  and  potassium  carbonates 
(NaaCOj+KaCOa  1 3. 8 


160.2 


In  1899  the  Center  Creek  Mining  Company  engaged  H.  B.  Cross- 
man,  of  Joplin,  to  sink  a  deep  well  in  sec.  18,  T.  29,  R.  32.  This  well 
was  drilled  to  a  depth  of  827  feet  6  inches  and  was  cased  with  8-inch 
casing  for  315  feet.  The  principal  source  of  water  was  found  at  800 
feet,  in  a  sandy  formation.  Another  vein  was  found  at  500  feet. 
The  level  of  the  water  in  the  well  is  75  feet  below  the  surface.  The 
water  is  used  for  boiler  and  drinking  purposes.  The  cost  of  drilling, 
with  casing,  was  $2,300,  with  an  additional  $2,000  for  pumping 
machinery. 

Mr.  W0.  C.  Stewart,  to  whom  the  writer  is  indebted  for  thb  infor- 
mation, was  secretary  of  the  company,  and  states  that  the  object  of 
drilling  was  to  get  purer  water  for  boilers  and  mines,  and  it  was  found 
to  be  so  much  better  for  drinking  than  the  city  water  that  four  teams 
are  engaged  in  hauling  and  selling  it  to  various  consumers.  The 
accompanying  analysb,  furnished  by  Mr.  Stewart,  was  made  in  De- 
cember, 1899,  by  George  Waring: 

Partial  analysis  of  water  from  deep  well  of  Center  Creek  Mining  Company,  Webb  City, 

Jasper  County. <^ 

Parts  per  million.  Partn  per  million. 


Calcium  (Ca) 63 

Sodium  (Na) 2. 2 

Carbonate  radicle  (CO,) 86 

Sulphate  radicle  (SOJ v . .  15 


Chlorine  {C\) 3. 4 


169.6 


LACLEDE    COUNTY. 

LEBANON. 

At  Lebanon,  Laclede  County,  in  1887,  a  well  was  sunk  to  a  depth  of 
985  feet.  The  elevation  of  Lebanon  is  1,265  feet.  The  first  water 
was  found  at  a  depth  of  135  feet  in  a  bed  of  gravel  overlain  by  clay. 

o  Expressed  by  analyst  In  grains  per  gallon  and  hyi>othetical  combinations;  recomputed  to  ionic 
forai  and  parts  per  million  at  United  States  Geological  Survey. 
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The  force  of  the  stream  washed  in  the  waterwom  gravel  and  under- 
mined the  clay,  thereby  necessitating  casing.  At  a  depth  of  427  feet 
the  Roubidoux  sandstone  was  reached  and  considerable  water  came 
in.  The  "Third"  sandstone,  or  quartzite,  was  struck  at  the  bottom 
of  the  well.  From  500  to  600  feet  the  imderground  flow  was  so  strong 
that  drillings  were  obtained  with  great  difficulty.  From  680  to  960 
feet  drillings  could  be  obtained  only  at  a  few  points  between  openings. 
These  cavernous  openings  are  remarkable  and  indicate  a  strongnmder- 
ground  current  from  the  north.  For  further  discussion  of  this  subject 
the  reader  is  referred  to  the  writer's  paper  on  the  spring  system  of  the 
Decaturville  dome.**  The  first  cavernous  opening  of  12  inches 
occurred  at  615  feet;  another  at  638  feet;  another  of  about  3  feet  at  761 
feet;  another  of  3  feet  at  830  feet;  one  of  1  foot  at  850  feet,  and  one  of 
li  feet  at  880  feet. 

The  water  at  present  rises  within  360  feet  of  the  surface.  It  is  very 
pure  and  is  used  for  drinking,  carbonating,  and  shipping,  and  also  for 
boiler  purposes.  The  well  has  a  6-inch  bore  and  is  cased  to  135  feet. 
It  is  mainly  used  as  a  source  of  supply  for  the  city  of  Lebanon.  An 
analysis  of  the  water  is  given  on  page  206.  The  following  is  the  log  of 
the  well: 

Log  of  city  well  at  Lebanon^  Ladede  County. 


St.  Peter  sandstone  (10  feet): 

Sou 

Sandstone 

Jefferson  Cltv  limestone  (417  feet):  , 

Bastard  limestone  with  seams  of  clay  and  flint ; 

Yellow  cherty  limestone ' 

Bluish  limestone \ 

White  flint ' 

Brown  Umestone 

White  flint 

Yellowish-brown  limestone 

White  chert 

Brown  silic  ous  limestone ' 

Yellow  • '  coi  ton  rock  " 

Orajish-white  limestone 

Roubidoux  sandstone  (:*2  feet): 

Quartzite  ( took  twenty-four  hours  to  cut) 1 

Sandstone i 

Gasconade  lim-8tono  (521  feet):  I 

' '  Cotton  rock  " i 

Coarse  bluish  Hmestone 

Fine-grained  brownish-yellow  limestone 

White  flint 

Compact  yellowish  limestone 

Coarse  limestone 

"Cotton  rock  " 

Clouded  marble i 

Red  ferruginous  hmestone I 

Opening | 

Cray  and  pink  ferruginous  limestone I 

FMiik  limestone [ 

Coarse  bl iiish  limestone 

Coarse  light  ferruginous  limestone 

"Cotton  rock" ' 

Pinkish  limestone ' 

Opening 

Coarse  dark  limestone ■ 

Comijac^  limestone 

o  Water-Sup.  and  Irr.  Pap<T  No.  110,  U.  S.  Geol.  Survey,  1905,  pp 


ThickneM. 

Depth. 

Feet. 

Fe^. 

5 

5 

5 

10 

156 

Ifo 

50 

215 

40 

2SS 

5 

3S0 

5 

265 

5 

2^) 

ao 

290 

ao 

310 

50 

38) 

15 

375 

£2 

427 

2 

42» 

30 

4i» 

11 

470 

15 

4S5 

50 

5&- 

15 

55e 

20 

57H 

10 

5h» 

10 

590 

20 

610 

10 

630 

2 

fi22 

50 

6r: 

43 

715 

25 

7« 

10 

750 

5 

7S> 

6 

7^1 

3 

»4 

35 

7» 

46 

64S 

113-125. 
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Log  of  city  well  at  Lebanon,  Laclede  County — Contimied. 
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GMoonade  limestone— Continued. 

Coarse  ferruginous  limestone ' 

Hard  limestone ' 

Compact  yellowish  limestone 

Coarse  dark  limestone 

Compact  yellowish-white  limestone 

"Cotton  rock  " I 

Limestone I 

Siliceous  limestone,  with  pyrites I 

Bluish  shale,  possibly  serpentine I 

Arcbean  (5  feet):  I 

QuartKite ! 


Thickness. 

Depth. 

Feet. 

Feet. 

12 

857 

10 

867 

30 

897 

20 

917 

8 

925 

6 

931 

42 

973 

5 

978 

2 

980 

965 


In  1890  a  well  442  feet  deep  was  sunk  by  the  St.  Louis  and  San 
Francisco  Railroad  at  a  distance  of  60  feet  from  the  city  well.  The 
following  is  the  log  of  the  railroad  well :  ^ 

Log  of  weU  of  St,  Louis  and  San  Francisco  Railroad  at  Lebanon^  Laclede  County. 


Jefferson  City  limestone  (430 feet): 

Soil  and  clay 

Flint  bowlders  and  clay 

Limestone;  first  water  at  85  feet 

Limestone  and  chert 

Limestone 

Limestone  and  chert 

Sandstone 

Magnesian  limestone 

Chert  bowlders 

Limestone ; 

Chert  bowlders 

Soft  chert 

Chert  bowlders 

Limestone 

Limestone  and  chert 

Limestone 

Chert. 


Thickness.     1  ep  h. 


Feet. 


Feet. 


Limestone 

Chert 

Roubidoux  sandstone  (12-h  feet): 
Sandstone 


30 

30 

35 

65 

-  20 

85 

22 

107 

24 

131 

19 

150 

18 

168 

27 

195 

30 

225 

5 

230 

20 

250 

40 

290 

35 

325 

10 

335 

30 

365 

22 

387 

20 

407 

18 

425 

5 

430 

12-f 

442 

LAWRENCE    COUNTY. 


At  Aurora,  Lawrence  County,  the  deepest  well,  at  present,  is  the 
drill  well  sunk  by  the  Sphalerite  Mining  Company.  This  passed 
through  an  inclined  ore  body  a  part  of  the  way,  and  the  strata  could 
not  be  correlated  all  the  way  down  because  of  the  secondary  deposit 
^f  mineral.  The  well  was  put  down  in  the  summer  of  1899.  The 
following  analysis  was  made  by  a  Chicago  chemist.  The  water 
was  obtained  after  pumping  for  several  hours. 

•  Acknowledgment  Is  due  to  Mr.  C.  D.  Purdon,  engineer  of  maintenance  of  way  of  the  Frisco  System, 
for  the  logs  of  the  city  and  railroad  wells;  also  to  Mr.  M.  W.  Serl,  of  Lebanon,  for  many  valuable  notes 
on  the  city  well  and  on  the  geology  of  Laclede  County. 
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Anal^ns  of  uiU^Jmm  well  qf  SjthidmU  Mrnin^  Oofmpan^,  Attront,  iMrrmtn  Voml^ 


SdpbaU*  radicle  i^^} 

Ckbrim^  (tn) „ 


milium* 

mif-Ai^iOif . ... 16 

Iftrn  and  ftlumina  oxide*  (F*ig  0»+ 

AljOa),... le 

('alriitm  (Ca)., -., ,.,,  131 

Mt^f^wiitiiu  (Mgj .-.,.,,„  IS 

ScKlium  (Na)...,.- 28 


The  following  is  the  log  of  the  well: 

T^  of  w$U  of  Sphahnt€  Mining  ff'ow  jwnj/,  AuroFa^  Leturmi^i  fbnnfy. 


Sffd. 


KllDt.  liine,  ft«4  *m aJI  ctUcSie  cfystftl* ....... 

Um€''atOEti?  tuid  flint.  wLch  trtuoe&of  niaFcaiilt«,calcit«.  uidco|>perftiidl«iiir  om 

Comw  breoQiat^  Uin^totu<  und  tHot  (otv  body),  wltli  miJcli  tiix  *ad  cftld^. 

LlloeBtortr  and  <}he>Tt .  w[th  ttaoea  of  c*lf  jte.m«iualte.  bJtumjni,  wtid  due  o«v 

Ooloml tie  lljiiefltorn?^  ehert*  some  Jtinc  and  cidcite * . 

3ha]y  blue Jlniutone..,,, „ ..__.„._.,„ .^, ^, „. 

BluB  lirtj^tttnny.  toice dieft  u)d  cAldt*. ................. ,..-,.. .-„.« 

Dark -gray  kme«toiie  and  diert  ►  lome  alne  ,..,,_,„„*.  .*,..,,.----*___«.,. 

Wtiite  mnt,  limeBtone,  btsooiated  o»  bQ4y,  maob  isiae.*, ..,,,^_,,_^. 

G my  IJmejtoae  uid  flint *,*,^ -...,.-*..*,*..*,_.*,.,. *..-,,.*,,, , _,, 

Chouteau  I  ^me«t(»ne  ( 33  tmi )• 

iSbtily  dolomltlc?  limestone  .<,..... , . .  .^ , _  , , .   , 

Mr^vi^'iAti'd  tflm  liiiLi'!<lonp.  whilp  nint.  rirh  Kinc.. . 

M  111  III  V  l.Iiio  liiicstonc.  vhort 

1  II. 1  iTtTfutijit.-il  (  1(»7  ff<-t  i; 

Sh.ily  Mm- iiiii^'iifs  ;iii  liiiii-stdiir 

S  I  . mils  ii..lMiiiit  ir  Itiin'stoIH'.  siUiie  cal<'lt«Minii  7.ini' 

<  trr  l)rtHii;(.  ))  nk  'loluniitf,  lilm-  linn'stonc,  and  chert 

I  i  ray  1  iiii'sliMii',  soiiic  clirrt 

'  i  r.t\-  .ImLhikIu'  shaly  l:iMfst<iii.'.  t  racr  .if  iiiun  asito 

I  »a  rk-,i:ra\-  1  nu'sti'iii-.  ih.-rt  Itimtiu.  /iiH'.  and  pink  .lol.un  !.■ . 

L;u'ht-,i:ra\  .l..l..iiiiti.- Iiin.'st..ii.- aii.l  rh.Tt 

L^lit  ^'ra\  Imifstoii.' 

l».i|,.iiiiti<'  linirsl.iiif,  .h.Tty,  s'«iii.'  /ilic 

l>Mloinil'i'  Imi.^t.Mi.'.  tin.'  ^'Vaiiici,  iTOiTiatf.!  with  /in.- 

I»  irk-L'ra\  s  li.  .■.Hi>  d.'ldiiiiti.'  I  ni.-stonr.  whit.-  duTt.  s.-mm-  /ii;. 

Sam.'.' Willi  s.iiii.'  .H.litic  lini.-t.m.'  at  l".tt.»ni 


m 

II 
n 


()ii  the  iiorlh  hank  of  Sac  Kivor,  just  north  of  (\)]n«'t  }).»>i- 
H  well  o\\n<Ml  \)\  (^\i\\c  lhirj^rov(»s.      l)ej)th,  170  lV(»t  :   ahitii<lf. 
ctrically,  s<)()  hn't  :  casiiiir,  ^J-inch;   flow,  carries  water  to  a  :•:: 
17    feet    in    a    ."{-inch    ])ij)c:  dat(^   of  coin})letio]i,    ApriL    I'mm'    <:' 
M.  ('.  (iothard,   Dadevillc,  Mo,:  cost,  S17():  surface^  h.riiuiii' : 
linL'toii  limestone.      This  well  was  sunk  hy  a  CHnton  niiiiiiiL'  ■ 
in  prospect  in«^^  for  mineral.      A  How  of  water  was  struck  in  w'.^'- 
at  a  depth  of  UK',  feet.      The  loir,  which  follows,  was  furni-li<'*i    ' 
( lot  hard. 


■'  F.xpri'ss.'.l   |,y  aiiah'^l    ;ii  Kra  n-   |mt  iralion  and  hyp.il  hft.ral  <  .  nn  i  >.  iia  t ,  mi,  -     r. 
form  and  parls  ji.t  niillion  ;,t   1   nit.d  St  it.><  ( i.ol..gual  Snr\cy. 
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Log  of  UargroveB'B  well,  Comet,  Txtwrence  County. 


Sou 

Cottne-grained  gray  limestone  and  flint. 

BlueahAle 

DevoxLian: 

Sac  limestone^ 

Phelps  sandstone  a  (water  bearing) . 


Thickness. 

Depth. 

Feet. 
10 
100 
40 

Feet. 
10 
110 
150 

10 
10 

160 
170 

a  Missouri  Geol.  Survey,  vol.  12,  IWW,  p.  74. 

The  water  of  this  well  is  soft  and  pure. 


Three  small  flowing  wells  are  found  near  the  Cony  mines.  They 
were  shallow  prospect  holes  for  mineral.  One  of  them  is  located  on 
the  farm  of  John  Woody,  2  J  miles  southwest  of  Cony,  and  is  100  feet 
deep.  Water  flows  feebly  to  the  surface.  The  two  others  are  located 
on  the  old  Jim  Boyd  place,  one-fourth  of  a  mile  due  north  of  Cony, 
and  each  is  about  100  feet  deep. 


PIERCE   CTTY. 


Three  and  one-half  miles  northwest  of  Pierce  City,  Lawrence 
Coimty,  in  sec.  7,  T.  26,  R.  28,  is  a  well  owned  by  J.  L.  Wight  and 
drilled  by  Ira  C.  and  W.  P.  Wight.  The  following  log  was  received 
from  Messrs.  M.  L.  Fuller  and  S.  Sanford: 


Log  of  Wight  well  near  Pierce  City,  Lawrence  County. 

Thickness. 

Depth. 

Flint  bowlders  mixed  with  clay 

Feet. 

80 

37 

2 

2 

Feet. 
80 

Sandstone,  or  rotten  flint        '                              

117 

Water 

119 

Ledge  of  flint                      

121 

Crevice:  stream  of  water  . 

125 

Solid  flint 

140 

Five-eighths  of  a  mile  north  of  Verona,  Lawrence  County,  in  sec.  8, 
T.  26,  R.  26,  is  a  well  owned  by  G.  H.  Ruggles  and  drilled  by  F.  Lech- 
ner.  The  following  log  was  received  from  Messrs.  M.  L.  Fuller  and 
S.  Sanford. 

Log  of  Ruggles  well,  Verona ,  Lawrence  County. 


i  Thickness.     Depth 


Surface,  rock,  water  on  top  of  rock 

Flint  and  lime,  hard 

Opening,  large  amount  of  water,  some  lead  ore  was  found  in  drill  cuttings 

Flint  and  lime;  some  zinc  ore  appeared  in  cuttings 

Flint,  lime,  and  Einc 

Us^t  shale  or  "soapstone" 

Flmt  and  lime 

Zinc  ore  in  cuttings 

Flint  and  lime;  occasional  shines  of  zinc  ore,  water  very  strong 


Feet. 

Feet. 

43 

43 

37 

80 

4 

84 

30 

114 

14 

J28 

21 

149 

4 

l.-iS 

14 

167 

'' 

20B 
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M'dONALD    COtTNTY, 


ULttAQiL'S, 


At  the  railway  station  in  Lanagan^  McDonald  Countj,  is  i 
oi^7ieil  by  the  Kansas  City  Southern  Railway,  of  which  the  de 
about  600  feet;  temperature  of  water,  58. 1"*  F,;  of  air.  65.3*^  R; 
strong;  surface  formation,  Burlington  liniestonc.  This  is  i 
strong  flowing  well,  filling  tlie  tank  for  locomotives  and  supple 
neighburing  hotel.  The  water  is  probably  carried  30  fe^I 
gn»und*  The  record  has  been  lost  and  the  actual  depth  isimk 
The  water  is  strongly  chained  with  sulphureted  hydrogen. 

The  Inin  Walker  well  is  one-quarter  of  a  mile  southeast  qIIme 
on  the  south  side  of  the  road  leading  to  PineviJle,  Its  depth 
feet;  altitude,  865  feet;  casing,  5|'incli,  IS  feet;  temperature  of 
53*^  F.;  flow,  8  to  10  gallons  per  minute;  date  of  completion,  E 
her,  IflOl;  driller,  Irvin  Walker;  surface  formation,  top  of  Dei 
shale.     The  f oUow ing  are  analyses  of  this  water ; 

Analififi^  (f/v^aU^rfrom  Walker  well,  Lmiagan,  MrUmmld  Cmmiy,  Jtmuatff  17, , 

[Anoiyai,  J.  L\  Dmpor.] 


Oiiguiie  nuiitcf , 


r»rU  per  million. 

Oftlcium  (C4) .,-...,...--.,      30 

Magnesium  {Mpf) 8.5 

rarl>Mn;ii..  vmIu  Ic  (Ttr^, \,[', 

Alkoliiir  (•lil..ri.lcs KHi 

Annlijsis  of  inili  r/iiiin    Walki  r  u  »U .  I.dtUKjdn,    MtlhnniJd  ('<>>i  ht  ^ ,    .\f, 

lAiuily.sf.  K.  K    Elli.^  1 

I'arts  jM'r  millii)ii  .' 

Iron  I  !''<■) Tnicf.  Sulpluil*- ra.li.  !.•  .  ^(  »^ 

<  iilriiiiii  i<  ":n  .  .  .  . _ 77  ChlnriiK/  >(   1    . 

CjrlM.iK.i.'  i.i.li.  If  i<(),  i       .  IIJ  Turbidity 

l',i(urlM.iKii<'  m.licl.'  '  IH'O.i \-M\  (  ul.T 


Tumn 


NOKI.. 

On  a  hill  oiH^-iiflh  of  u  mile  cast  of  Noel,  in  ser.  14.  T.  Jl.  \l 
•  a  well  owned  l»y  tin*  Noel  lm]^^o^■enle]lt  Coinj)any.''  I)e|)th.  ^" 
altitude^  al)oV(^  ti(l(\  Sli")  feet;  easlnor^  ^J-ineli,  G  fec^t  ;  tein|)«::i 
water,  55'^  K. ;  flow;  date  of  eoinpletion,  January,  1*)().>;  <]rill(t 
Walker.  Laiiairaii:  suifaee  formation,  lower  part  of  Burliiiirt''! 
well  was  put  down  hy  a  company  of  Xoel  citizens  for  tin-  pi; 
supply iiij^^  the  town  with  water,  and  for  tliis  reasi)n  the  !;• 
drilled  on  th(^  top  of  a  hill  !M)  feet  al>o\'e  the  railway  station 

"  Ivxpr-'--'',!  l,y  a!i;il\->f  iii  tiyj'oKi,  tici  1  i-duil-iiia  tioris  r.»-<nii|>iit.'-l  t"  innir  fen:!  .i:  :  ;  ■ 
lion  at    Init.  .1  Stat.-  <..•.. I. .-ic.,1  Slll-\r>  . 

''  111.'  u  ril'T  I-  iihirl-t.-.l  to  Mr.  lr\in  W  alkcr.  of  Laiia^'an.  for  luUrs  on  thi^  \\,  \\  :,:..:  •  ,•  V 
at  l.ana^'aii.  aii.l  also  i..r  Ww  pri\  ilt'itr.-,  aifor^lfi  to  Mr.  KUis.  of  .'va  mining  a  i-  an  ii:ll\  k-  i-  ■ 
inj^s  from  this  urll. 


MCDONALD   COUNTV. 
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depth  of  350  feet  water  was  struck  which  rose  rapidly  under  artesian 
pressure,  escaping,  according  to  Mr.  Walker's  statement,  in  a  crevice 
of  the  rock,  16  feet  below  the  surface.  The  following  is  the  log  of  this 
well: 

Log  of  deep  well  at  Noely  McDonald  County. 


.  Thickness.  <  DepUi. 


Limestone,  with  Uyen  of  chert 

Noncfaertj  gray  limestone 

Soft  brown  shale,  slightly  carbonaceous 

Compact  gray  limestone,  with  semiopaque  chert 

Gny  and  white  limestone,  with  cheix  and  fragments  of  black  slate 

Soft  shaly  gray  magnesian  limestone 

Hard,  compact  gray  limestone 

Soft  limestone 

Hard  compact  limestone,  with  some  earthy  limestone 

S  milar  limestone,  with  band  of  hard,  black  slaty  shale 

Hard,  grayi^-brown,  finely  crystalline  limestone 

Hard,  compact  brown  shale 

Gray  limesitone,  generally  earthy,  with  some  slate 

Fine-graii^d  crystalline.limestone,  with  much  earthy  limestone  and  no  chert . 

ComiMct  gray  limestone,  with  a  htUe  chert 

Fine-grained  gray  limestone,  with  hard  black  shale 

Ught-gray,  finely  crystalline  limestone,  with  chert 

Light-gray  compact  limestone 

Similar  limestone,  with  considerable  semiopaque  compact  chert 


FeeL 


96 
36 
59 
25 

115 
15 
5 
10 
45 
10 
5 
5 
40 

177 
24 
99 
10 
35 
70 


Feet. 


05 

Ml 
190 
215 
330 
345 
350 
360 
405 
415 
420 
425 
465 
642 
666 
765 
775 
810 


SOUTHWEST  CITY. 


In  Southwest  City,  McDonald  County,  is  a  well  owned  by  Jacob 
Winters,  and  drilled  by  Sterner  Brothers.  The  following  log  was 
received  from  Messrs.  M.  L.  Fuller  and  S.  Sanford: 

Log  of  Winters  well,  Southwest  City,  McDonald  County. 


Surface  and  coarse  rock 

Blue  flint  and  white  quartz  rock,  with  small  deposits  of  coal  at  74  and  78  feet 

Light-gray  rock 

Dark-brown  flint,  with  iron  pyritc 


Thickness. 

Depth. 

Feet. 

Feet. 

48 

48 

30 

78 

20 

98 

12 

110 

Three  miles  west  of  Southwest  City  is  a  well  owned  and  drilled  by 
Levi  Shinn.  The  following  log  was  received  from  Messrs.  M.  L.  Fuller 
and  S.  Sanford: 

Log  of  Shinn  well  near  Southwest  City,  McDonald  County. 


Sarlace  soil 

RedcUy 

Nooitry 

Hint 

No  entry 

Red  sticky  day 

Bowldera 

White  and  black  red  flint 
l^Tilte  chalk  rock 


Thickness.!   Depth. 


Feet. 


I 


Feet. 


All  of  the  above  record  is  in  the  upper  part  of  the  Biu-lington. 


10 
15 
20 
50 
60 
70 
80 
95 
125 
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Three-foiirths  of  a  mile  from  TitF  City,  in  sec,  4,  T,  2S,  R,  S4.  i*il 
well  owTipd  by  Jolm  Mttiinin^.     Depth,  180  feet :  easing,  5-inch,  to  rock;  j 
flow^  weak;  date  of  eomplotion,  June,  190O:  cIrilierT  T,  W.  Hutchms<m; 
cost,  $180;  surface  formation,  Burlington  limestone.     This  well  i-  ^itu* 
ated  in  a  valley,  300  feet  from  a  ^rnall  stream.     The  princip&UiUf  j 
was  struck  at  a  d^pth  of  150  feet  in  cre\nces  which  opened  in  tbr  i 
The  flow  has  not  varied  s^ince  drilling,  and  the  water,  which  b  s 
charged  with  sulpliureted  hydrogen,  is  used  for  drinking, 

WAKDA. 

In  the  SK.  i  mc.  5,  T.  24,  R.  30,  1  mile  northeast  of  Wand* 
office  and  about  7  miles  south  and  east  of  Granby.  there  is  a  welloa 
land  of  W.  H.  Moi>ns  Depth,  144  feet;  altitude,  barometricaHy.  1, 
feet;  caning,  5|'inch,  20  feet;  temperature  of  water,  57.2^  F.;  ol 
66,2*^  F. ;  flow,  42  cubic  feet  per  niinute;  date  of  completion,  1901; 
face  formation,  base  of  Burlin^on  limestone.  This  well  wasstmk 
proHpoct  lit  lie  for  uiincraL  The  flow  has  biwn  strong  from  dit 
and  has^not  varied. 

Another  well,  which  had  also  a  strong  artesian  flow,  was  sunk  n^r 
at  the  same  time.     The  stream  of  water  b>  i^id  to  have  come  fmm  ct»^ 
emous  openings  in  limestone.     No  log  was  kept,  but  the  flow  was  prol^ 
jiMy  from  the  bnsr  of  tlir  Dr  von  inn.     The  regional  tiip  of  iht^  rmlc^m 
this  districi  i^  toward  ilic  \vr^>f. 

TlirrtMiiid  ffiH'-lut if  miles  wrst  i»f  niiimuinL  N"c\Mi»n(  nuiuy.  »n^'  I 
T,  2ii,  II.  :\'2,  is  n  \\rll  nwTiefl  by  \V.  A.  PMniMll.  T\w  fitlltminii  l^i'^^ 
Tin'v\\Vi\  fri>n(  >h'--r'-    M.  L.  Fulh'i  juid  S.  SMiifnrd  . 

VVKU.  NU.  J 


<f-A1 

Mr 

[".jmi-^h'tTi*  "                                           :                 .       - 

muMiifH.,, 

tifih^-liMi'' 

Mhi>  Hi»M 

r.iHif'<  lull! 

HMir  fUH\  ..  . 

L.irtn"'(-iiM|n . . 

nuif  rhhi 

j.imi"  i-ipm^,  «.fH«*TTf('TPiiri|it  h|  IJiumpI               ,, 

^ 

(,lm^!--(litn^  , 

•• 

tt* 
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In  this  vicinity  there  are  four  other  wells.     Their  logs  are  as  follows : 

Log  of  wells  near  Diamond ,  Newton  County. 
WELL  NO.  2. 


Thickness. 

Feet, 
14 

Depth. 

V^i),  dftj,  and  flint  ho«1df«rp;  wat^r,  running  strMinf)  at  14  f<^t 

Feet. 
14 

UmMtone 

24                 38 

Woe  flint 

6                 44 

r  jmeftone 

62  1              06 

1 

WELL  NO.  3. 


lay  and  flint  bowlders:  water,  not  so  strong  as  in  other  wdls,  at  35  feet. 
Umestone 


35 
70 


WELL  NO.  4. 


?oil,  cJay,  hardpan 

Soapstone;"  water  pretty  strong,  soft,  at  40  feet 

:tean  "tiff" 

'  Soapstone  "  and  some  black  sand  bowlders. 

Burnt-looking  limestone  " 

brownish-yellow  sand  rock 

^Thitiah  flint  rock 

'  Soapstone;"  did  not  penetrate.  .*. 


14 

14 

26 

40 

1 

41 

54 

95 

3 

98 

6 

104 

8 

112 

36 

148 

WELL  NO.  5. 


lay  and  hardpan 

lay  and  flint;  water,  soft. 

Vhite  flint 

lay  and  flint 


15 

35 

"50 

95 


The  above  wells  are  all  in  the  Burlington  limestone. 

One  and  one-half  miles  north  of  Diamond,  in  sec.  31,  T.  27,  R.  32, 
3  a  well  owned  by  Leathers  Brothers  and  drilled  by  W.  H.  Leathers, 
rhe  following  log  was  received  from  Messrs.  M.  L.  Fuller  and  S. 
>anford: 

Log  of  Leathers  well  near  Diamond,  Newton  County. 


led  day  and  flint 

Jme  and  flint 

Hiite  flint  and  zinc 

Jme  and  flint 

oft  white  flint  or  water  flint 
f  ississippi  limestone 


Thickness. 

Depth. 

Feet. 

Feet. 

45 

45 

83 

128 

2 

130 

3D 

160 

50 

210 

7 

217 

All  of  the  above  record  is  in  the  upper  part  of  the  Burlington. 
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MOU34T   PLZASANT   MllA.. 


Tlio  Granby  Mimiig  Company  has  drilled  a  deep  well  on  the  wf 
side  of  lot  15 "in  the  SE.  \  SW.  \  sec.  3t .  T.  26,  R-  30.  Th^foBoiii 
record  was  furnished  by  Mr.  Ellas  Galch,  president  of  I  lie  compi^ 

Log  of  wdl  of  Gmnhy  Mining  Compmvg,  ruur  Mount  PUmtmt  Mill,  JVorto*  Oi«t 


RfHil  (erruginoui  fAndslonp , ^, ^- .  ___.  *  _  _ 

B]\iif  olay^  sbAle,  uml  cherty  fltnL...,, ,. ,,-,,.,, 

Almojit  BoUd  ah^i  of  mii£idU>«  wltti  Ytry  raull  vtfn  of  eMi  on  u»i». 

Hiindlc, 


Bla^Jt  und .....,..,. 

Blue  c\Ay  and  bkdc  und. 
Black  Hand.  .,..*„,,*„.. 

BluecUy..-.. ^ 

GrftFi-lly  Hint ,„, 

BUvecUy.., 

FlJnl. 


Blue  flh&lfl  and  fUst ., 

SoUdflifjt .--, - 

Hi3Eed  flint  und  liioo,  ihlnes  ot  bt«nde. 
Llnw^tcine  „.,....,.....,„„,.,  .„„.. 

flkck  flint ,, ,. 

PUm  lK>wIdflr»«iidcl»r-.--^-*--f**^- 

Flints  with  ft  attteetay. , 

Opening  coDtftliitiig  mud* , 


Umfl  jmi]  fUnt... ^i...^*^**......,.,^*.,.^ 

I#lijiMtoniP . --^... ^.... 

flllloeoti*  Riftgiifi^iftn  itmesionfl *  * , , .**... „.„,.,, ,... 

Ume  itnd  fiiut,  flhit  Urgely  predomtofttlng. ............>. 

LlmwtaiiQ »,_..._....._.._........ .—.^.^i,,^ .  *_,.»,^.»***  t, , 

Lim^tone*  -with  a  littlo  flint , , . .  „ 

LiniH#{fm+-,  wit  h  a  baud  of  whiir*  flint .....................     . . , . . 

IJm'^Rlnrji' HiH  flinl.  with  .^rnrin*7inr,-. -. ..  .   .  --.    . 

1,1IIH'S(()1|C _ 

Hill.'  fiiDl .., .    

Filu.'  Unit  ifii'l  lirn''stMri.' 

Lllll.'St.'lir _  _  _ _ 

S.-U  ,   sll-'llv    lim-'Slnlir 

Hlur  flnii  :nu\  (•lJ^  . 

LMII.'Molir 

Fhiil  ;iii.i  ImifsioiK' ..... 

Fliiil  j\\<\  liiiirsion-' 

W  lilt.'  flint 

l.llllfSfOI!.- _ . 

I.Miic-'lMii.' nnil  flint,  nu'silv  fiini 

I,iin-'>t..ii.',  wirh  M  litilr  llinl 

I.MIK'Slon'' . 

<.r;imiliir  i|ii(irt/, . 

Liliicsl.iiif.  u  il  h  SI  r;il;i  of  uiiiif  cl.iy 

NrMrl>   [>III.-  lilllrvtdll'' .. 

I,iliif.<<t(MH',  \s  it  li  (jUarl  /  III  cr'i  \  ic'S. ... 

LlIIK  .sfonr,  II'Mflv  JiUff 

hill-  flmf ' 

N'Mih  purr  liin»'sfoii<- 

l.Mii''sl<.i)r.  ,suni.>  flint,  ijii'l  -|.«l<inii!<'  ciy.stMls 


IhirW  llnil 

\!,)inl\   lini'vsi  (iiif  Will  If  ( 
I.ini.-'^t..n.. 


•  ■1. 


1,(11  I  I'i'i-;  \\){iov  iMs,<  n'')ir!v  f<»  Mir  i.. 


Mnif  .III'!  liiiir.monr . 

i,irii-  sfMiir.  with  whit.'  .s.-m-l 

l.ini'Nlon-'  ;in'l  ^iiiKlston'' 

<  irMniil.'ir  IniK'st  ont- 

l,ini<'>!,Mi<'  ;in'l  s;ui<ist..n.^ ... 

( .r';iniil;ir  Imit'stiinr _ .  .  _ 

llar.l  MiM'  ninl ...    . 

(;i;Mnil;if  jini.'slMiip.  :viili  a  littlf  (lint .  .  .  . 

Lirn.'^lon..  ;,n.l  Hint 

i-llU.'Sf.^lf 

l.iin.-tMn..,  Nvitli  hlMck  .^li.-.lr  an-l  n  li!tl.'  M.irk  flm!  . 
l-iinr'^tMh.'.  Willi  l*l;(ck  s]\:[\r  ,111.1  inun'iir 

i.inirstonr 

ina<'k  s:ni.isl..n.'  and  liinr.si  (mk' . 

Qua?-Izilf.  linu",  iniindic,  and  tallcw  flav 

Nearly  all  limoNtonc " 


I 
1 

i' 

i\ 

JV 

T 

1 

I 

a 
m 
1 

0 

n 

li 

I 


'1  Probably  error  in  driller's  lop;  should  l-^  43 
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Log  oj  well  of  Granhy  Mining  Company ^  near  Mount  Pleasant  Millj  etc. — Continued. 


Black  flint  (quartzite) 

Calctum  carbonate  an  1  quartsitc 

Very  black  limestone  with  odor  of  bitume.i 

Hard  ahale.  denoting  water  channel 

Limestone  and  black  shale 

Nearly  all  Umesione 

Limesvono 

Limestone  and  black  shaK' 

Nearly  all  limesione 

Limestone  and  shalo 

Nearly  all  Hracs*  one 

Limestone  and  shule 


Thickness. 

Depth. 

Feet. 

Feel. 

9 

1,483 

10 

1,493 

38 

1,531 

15 

1,546 

16 

1,562 

4 

1,566 

8 

1,574 

1 

1,575 

5 

1,580 

21 

1,601 

14 

1,615 

7 

1,622 

Hole  abandoned  and  casing  taken  out. 

NEOSHO. 

There  are  several  flowing  wells  near  the  city  of  Neosho.  One  is 
located  on  the  east  side  of  the  railroad,  two  or  three  blocks  south  of 
the  station.  Depth,  300  feet;  altitude,  1,018  feet;  temperature  of 
water,  58.1°  F.;  of  air,  65.3°  F.;  flow,  li  gallons  per  minute;  date 
of  completion,  1899;  surface  formation,  Burlington  limestone.  This 
well  was  put  down  with  the  hope  of  obtaining  mineral  water,  and 
was  used  for  several  years  to  supply  a  public  bath  house.  The  water 
ij  now  used  mainly  for  driiikiiig  purposes.  It  has  a  slight  odor  of 
oulphureted  hydrogcii.  The  following  analysis  was  ^ made  by  E.  E. 
Ellis  May  16,  1905: 

Analysis  of  water  of  well  at  Neosho,  Newton  County. 

Parts  per  million. 

Iron  (Fe) Traco. 

Calcium  (Ca) 80 

Bicarbonate  radicle  (HOO3) 217 


Parts  per  million. 

Sulphate  radicle  (SOJ 35 

Turbidity None. 

Color None. 


At  the  fish  hatchery  is  a  well  put  down  by  the  United  States  Govern- 
ment. Its  depth  is  292  feet;  altitude,  1,033  feet;  casing,  5f-inch  to 
22  feet;  temperature  of  water,  59^  F.;  flow,  very  weak,  less  than  1  gal- 
lon per  minute;  date  of  completion,  1899;  surface  formation,  Burling- 
ton Hmestone.     The  followmg  is  the  log  of  tliis  well: 

Log  o/Jish-hatchenj  well,  Neosfio,  Newton  County. 


Soil 

Compact  white  and  light-gray  limostono,  frit'  from  chert 

Same,  with  compact  white*  and  gray  chert 

Dark-gray  compact  hmestone,  showing  small  calcite  elcu\age  phuios 

Compact  dark-gray  chert.  bn»aking  with  sharp  edges,  wtlh  a  small  mixture  of 

compact  gray  and  white  limestone 

Same,  with  slightly  more  limestone 

Very  hard  and  compact  liL'it-gray  limeston«\  earthy-looking  chert  of  sir.i.i-  color. 

Dark  brownish-black,  rather  hard  shale,  similar  to  that  at  Lanagan 

Compact  giaylsh-brown  limestone,  siliceous,  finely  crystalline 

Same,  with  lighter  and  darker  streaks,  layers  of  chert  in  <!:?  rker  portion 


Thickness. 

Depth. 

Fert. 

Fret. 

10 

10 

4H 

58 

7 

e.5 

8 

73 

HT*  i 

l.W 

1                  2S 

1st; 

1                    4 

190 

«>"> 

21'* 

in 

228 

()4 

292 
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The  water  has  a  slight  odor  and  taste  of  sulphureted  hydrogen,  simi- 
lar to  that  of  the  "  Neosho ''  well.  This  well  was  drilled  for  the  purpose 
of  obtainmg  additional  water  for  the  fish  hatchery,  but  work  ceased 
when  the  water  was  found  to  be  charged  with  sulphureted  hydrogen, 
and  at  present  the  water  is  used  only  for  drinking.  The  source  of  the 
water  is  probably  at  a  depth  of  150  to  160  feet,  where  openings  were 
foimd.     This  well  is  probably  all  in  the  Burlington  limestone. 

OZARK   COUNTY. 
BAKERSnELD. 

One  mile  southwest  of  Bakersfield,  Ozark  Coimty,  in  T.  22,  R.  11,  is 
a  well  oi^-ned  by  John  Paris  and  drilled  by  W.  L.  Fowler.  The  follow- 
ing log  was  received  from  Messrs.  M.  L.  Fuller  and  S.  Sanford: 

Log  of  Paris  iiell  near  Bakersfield ^  Ozark  County. 


Solid  clay 

•  •  Soa  pst  one  " 

•Copper" 

Slate 

Hard  rock:  "cultiiips  hkoashos". 
Bl&ck  sandstoDc 


Thickness. 

Depth. 

Feet. 

Ft€L 

10 

10 

125 

IS 

6 

HI 

15 

V^ 

3 

15P 

2 

If  I 

PHELPS    COUNTY. 

EDCIAK   SPRINGS. 


Two  miles  west  of  Edgar  Springs,  Phelps  County,  is  a  well  owned  by 
W.  R.  Denison  and  drilled  by  F.  L.  Cook.  The  following  log  was 
received  from  Messrs.  M.  L.  Fuller  and  S.  Sanford: 

Log  of  Denison  well  near  Edgar  Springs^  Phelps  County. 


I  Thickness.     DepUt 


Feet.  F(fi 

Dirt 40  « 

Sandstone '                108  Ife 

Llmo  and  Hint '                30  l^ 


I 


PHELPS   COUNTY. 

ROLLA. 
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The  cores  from  a  well  drilled  at  RoUa  in  1905  were  furnished  by  Dr. 
George  E.  Ladd,  director  of  the  Missouri  School  of  Mines,  and  from 
them  the  following  record  was  obtained: 

Log  of  well  at  Rolla^  Phelps  County, 


Thickness.     Depth. 


Jefferaon  City  limestone  (279  feet): 

Soil 

Compact  light-^ray  "cotton  rock"  (dolomite) ' 

Same,  trace  of  chert 

Compact  "cotton  rock" 

Same,  with  a  I  it  tie  chert 

Bufl-colored  fine-grained  '*  cotton  rock,"  some  white  chert 

Gray  splintery  dolomite,  some  flint i 

Fine-gra  ned  buff-colored  siliceous  Lmestone,  with  white  flint I 

Light-gray  splintery  limestone,  some  white  flint J 

Light-gray  splintery  *' cotton  rock"  (dolomite) 

Fine-grained  splintery  siliceous  magnesian  limestone 

FiDe-gra  ned  white  to  gray  cherty  l:mestone 

Fine-gra  ned  light-gray  splintery  siliceous  dolomite 

F.ne-grained  white  dolomite,  more  compact ' 

Fine-gra.ned  leht-gray  splintery  dolomite ' 

Coaraer  grained  llgnt-gray  siliceous  dolomite,  granular,  some  chert,  with 

little  blue  shale 

Coarser  grained  gray  siliceous  dolomite,  increase  of  chert  and  quartzite 

Fine-gra.ned  dark-gray  sll.ceous  dolomite,  some  white  chert  and  marcasite. . 

Fine-gra" ned  dolomite,  with  some  white  chert  and  marcasite 

Same,  with  dark-colored  siliceous  dolomite 

Dark-gray  siliceous  dolomite  and  white  chert 

Mottlwi  8  lieeous  dolomite,  some  white  chert  and  marcasite 

Roubidoux  sandstone  (65  feet): 

Quartz  sandstone,  coarse,  waterwom,  little  white  chert  and  marcasite 

Light-gray  dolomite,  with  marcasite  and  white  chert 

Fine  sandstone,  with  white  8illcex>us  dolomite  and  raareasite ; 

Li^t-gray  siliceous  dolomite,  with  sandstone,  white  chert,  and  marcasite. . . 

Fine-grained  white  chert,  with  marcasite 

White  waterwom  sand,  white  chert,  and  much  marcasite i 

Gast'onade  limestone  (256  feft):  I 

White  to  gray  cherty  quartzite,  with  marcasite 

Gray  siliceous  dolomite,  with  some  chert  and  marcasite 

Light-^ray  fine-grained  cherty  quartzite  sand,  oolitic 

Gray  siliceous  dolomite,  with  chert  and  more  marcasite 

Coarser  blue  and  white  chert,  with  some  siliceous  dolomite  and  gra'ns  of  I 

maitrasite ' 

Fine-grained  gray  siliceous  dolomite,  less  white  chert  and  man^asite 

Fine-grained  gray  siliceous  dolomite,  with  magnesian  shale,  white  chert,  and 

marcasite 

Fine-grained  siliceous  dolomite,  with  cherty  quartzite  and  some  marcasite. . 

Cherty  siliceous  dolomite  and  marcasite 

Fine-grained  sandy  dolomite,  chert,  and  much  marcasite 


Feet. 


Feet. 


25 

25 

10 

35 

5 

40 

5 

45 

5 

.% 

15 

65 

20 

85 

5 

90 

o 

95 

5 

100 

5 

105 

5 

110 

10 

120 

10 

i;«) 

15 

145 

2.'i 

170 

15 

185 

20 

205 

19 

224 

5 

229 

'25 

2.'>4 

25 

279 

20 

299 

10 

309 

,') 

314 

20 

334 

5 

3.'W 

5 

344 

10 

:V)4 

^ 

419 

15 

4:^4 

JQ 

473 

5 

478 

25 

r>03 

10 

513 

15 

528 

65 

593 

5 

598 

Six  miles  southeast  of  Rolla,  Phelps  County,  in  sec.  28,  T.  25,  R.  7, 
is  a  well  owned  by  J.  W.  Gower  and  drilled  by  C.  C.  Oower.  The 
following  log  is  furnished  by  Messrs.  M.  L.  Fuller  and  S.  Sanford: 

Log  of  Qowcr  well  near  Rolla^  Phelps  Couviy. 


Dirt  and  clay 

Red  sand,  soft 

Flint  rock,  hard 

Gray  lime,  soft 

Blue  lime,  hard 

White  sand  rock,  soft. 
Blue  lime,  soft 


Thickness.     Dei)th. 


Feet. 


10 

8 

4  ' 
'Z\ 
10 

4 

6 


10 
18 
22 
45 

59 
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WESTCOTT. 


Two  miles  southeast  of  Westcott,  Phelps  County,  in  sec.  35,  T.  33, 
R.  9,  is  a  well  owned  and  drilled  by  W.  A.  Corey.  The  following 
log  was  received  from  Messrs.  M.  L.  Fuller  and  S.  Sanford: 

Log  of  Corey  well  near  WestcoUj  Phelps  County. 


Thickness.'  Depth. 


I  I 

FeeL  FtH. 

Ked  clay 48  fr 

Hjntmostly 32  * 


TEXAS  COUNTY. 


In  sec.  28,  T.  33,  R.  12,  3i  miles  northwest  of  Plato,  Texas  County, 
is  a  well  owned  and  drilled  by  F.  L.  Cook.  The  following  log  was 
received  from  Messrs.  M.  L.  Fuller  and  S.  Sanford : 

Log  of  Cook  well^  Plato^  Texas  County, 


I  I 

'  Thickness-     Depth. 


Feet. 

Feel 

00 

m 

'20  , 

X. 

30 

lUi 

% 

\h 

(May 

Limcstono 

Sand  rook 

Lime  and  fJint. 


ST.  LOUIS  BASIN  DISTRICT. 
GENERAL  ARTESIAN    CONDITIONS. 

The  well-defined  St.  Ijouis  basin  district  includes  a  small  area,  which 
is  made  up  of  St.  Louis,  St.  Charles,  the  northern  portion  of  Jefferson, 
and  the  northeastern  portion  of  Franklin  counties.  It  lies  mainly  on 
the  slope  of  an  anticlinal  ridge  which  extends  from  Plattin,  Jefferson 
C'oimty,  through  Pacific,  in  the  northeast  comer  of  Franklin  County, 
and,  crossing  Missouri  River  at  a  point  between  Labadie  and  St.  Albans 
on  the  south  side  and  passing  through  Klondike  on  the  north  side, 
in  St.  Charles  County,  continues  northeastward  through  Warren 
County.  This  fold  is  well  outlined  along  its  course  by  the  outcrop- 
ping of  the  St.  Peter  sandstone,  cross  sections  of  which  are  finely 
shown  in  the  bluffs  along  the  river  at  Klondike  and  at  Currelbaiuns 
Rock,  on  the  south  side  of  the  river  about  1  mile  south  of  Becker, 
where  the  crumpled  and  disturbed  condition  of  the  strata  is  well 
exliibited.  In  this  locality  the  Missouri,  meeting  the  soft  and  some- 
what crumpled  St.  Peter  sandstone  elevated  by  this  fold,  was  enabled, 
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probably,  to  cut  its  way  into  another  channel  and  continue  along  a 
new  route  to  the  Mississippi.  The  early  channel  of  the  Missouri 
probably  passed  by  Labadie  and  Grays  Summit  into  the  Meramec, 
near  Pacific. 

The  strata  dip  with  considerable  imiformity  to  the  northeast  and 
continue  so  for  some  distance  into  Illinois.  Throughout  the  northern 
part  of  the  State  a  general  northeasterly  dip  from  the  Ozarks  is 
characteristic  of  all  the  rocks  but  the  Pennsylvanian  series,  which  seem 
to  have  been  deposited  in  several  basins  more  or  less  independent  of 
each  other.  In  the  district  under  discussion,  however,  this  general 
dip  is  slightly  interrupted  by  the  course  of  the  anticlinal  fold  above 
described. 

A  number  of  deep  wells  have  been  sunk  in  the  St.  Louis  basin  dis- 
trict. The  records  of  only  two  have  been  carefully  preserved,  but 
these  are  so  remarkable  in  their  accuracy  and  completeness  as  to 
compensate,  in  a  great  degree,  for  the  loss  of  data  regarding  the 
others. 

This  artesian  district  lies  in  a  cone-shaped  basin.  On  the  north 
side  is  the  Cap  au  Grfe  axis  (briefly  outlined  by  A.  H.  Worthen**), 
which  brings  the  St.  Peter  sandstone  to  the  surface  in  Cap  au  Grfes 
BlufF,  on  Mississippi  River.     In  describing  this  axis,  Wort  hen  says: 

It  intereecte  the  Mississippi  bluffs  immediately  below  the  high  bluff  of  St.  Peter 
sandstone  to  which  the  name  of  Cap  au  Gr^s,  or  sandstone  hi»adland,  was  given  l)y  the 
French  voyageurs,  and,  with  a  trend  of  E.  10°  S.,  it  intersects  the  bluffs  of  the  Illi- 
nois alx)ut  2  miles  below  Monterey,  crosses  the  bluffs  on  the  eastern  side  of  that 
stream  about  5  miles  above  its  mouth,  and  after  int<'rsecting  an  ell>ow  of  the  river  bluff 
for  3  or  4  miles  is  finally  lost  in  the  valley  of  the  Mississippi. 

It  is  stated  by  others  that  this  axis  within  a  short  distance  turns  to 
the  east  and  north  and  continues  farther  into  Illinois. 

The  St.  Peter  sandstone  outcrops  in  high  blurt's  between  McLeans 
Creek  and  Sandy  Creek,  and  at  various  points  along  this  axis,  which 
here  takes  a  north  by  we^t  course  through  Lincoln,  Pike,  and  Ralls 
counties,  forming  what  Ls  known  as  the  Lincoln  Ridge.  Broadhead 
states  that  the  northernmost  point  at  which  this  axis  is  not^d  in 
Missouri  is  near  Newark,  Knox  County. 

The  geologic  map  of  this  region  (PI.  I,  p.  6)  indicates  that  St. 
Louis  is  partially  surrounded  on  the  south,  we^t,  and  north  by  two 
folds  which  show  outcroppings  of  St.  Peter  sandstone.  One  of  these 
is  the  Cap  au  Grfes  axis  already  described.  The  other,  on  the  south, 
is  the  Pacific  axis  or  anticline,  extending  from  Crystal  City  and  Plat- 
tin  Rock,  on  the  Mississippi,  south  of  St.  Louis,  through  Pacific  and 
Klondike  on  the  Missouri,  and  thence  northward  into  Warren 
Coimty.  Within  the  area  inclosed  by  these  folds  the  cone-shaped  St. 
Louis  basin,  having  conditions  highly  favorable  for  artesian  pressure, 

o  Geology  of  Calhoun  County:  r.pol.  Survey  IlHi  ols.  vf»l.  4.  1K70,  p.  2. 
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is  located.     Kft«t  of  St.  Ijouis  the  rot'kB  dip  gi^ntly  at  the  rated  l<k| 
12  feet  per  iinle. 

Theiv'  iM  little  doubt  that  Ilowiii^  vvclb  iin^ht  iw  obtained  froEii tk I 
Si,   Peter  Elands  tone  uhmg  the  MiaHoiiri  and  MLssL^^ippi  imllin*! 
thi*  iuTerior  of  thi^  luusin  at  im  altitude  not  exceeding  4d^  fprt    i 
8Uininary  oi  llie  ihickness  and  depth  of  the  St.  Peter  jiajiiUium  aj 
this  distriet  is  given  in  the  following  table, 

Thirtm'iM  mni  tiffUh  of  St.  PtUr  mjwiii&fU  in  Bi.  Lam»  hmn  ditlrui. 


h^BtAilT' 


Hwiii«miiTi».  near  Bwtilwftocl ...«,« ^ «. , 
Cliiyion,  St.  Loiili  fcmiitj*.  .p*#,t.-,*,, 

8t   rim  rlo*  _ ,^  ^,, » ♦  t,, » 

iHn-m-  ^'■■'- ■■•"   '^r.Ltmi*.. 

Ul^1^ll.  ......... 

Ik-J/  J  ...  .....  ^  ■■■--I V  wolhHt* 

UrJiriih'  t  i(  V,  III.     .,.,,,»,. .*^,,* 


Afi. 


Tlie  rRtrhnieiiT  basin  for  these  wells  is  probably  largely  flJ*>nf  J 
Pacific  anticline, 

FEANKUK   COUNTY. 

(h\r  litnidrcii  ynnls  rsisj  nf  Ln+'iiln  riiiir.  lM*iinkiin  ^oM!!f^  '•^' 
•2\K  T.  11.  li.  2  1-:,.  IS  n  wvW  (►wiunl  h\  l\  A.  Pillind  ;ijMl  AvAI^I  '■ 
Widrnnii       Tlir  ritlb>\v(ii^  l<»ir  wji>  rrrtMvt'd  I'rnni  Mr>*.r>    M    L    I' 


ITl  I » 

l.lrlH    'l(m< 


St  I  in  sv. 

hi  xr<  ,  ;M/(\  L\  K  i,  W,.  1^  !i  \M'il  oTi  \}\p  in  [in  ul  'I  imnut^  liiiff.^- 
r^id:  d-»|»lh,  Liriii  fVei ;  nltitiid**  abiive  tldr.  ri41  \\^v\:  rn^iii^  M^-u - 
In  inn  IVi't  :  s-incli  n*  noO  IVrl;  ri-lru'lr  lo  bollnm:  h'lniiritunr'  ^ 
%vnri'i\  H:!.ri  K  :  ul  sin,  ^7  >  r  . :  llnw.  s  ^ullntis  jM^r  inimitr;  *Li'«  ■' 
r'(iin]i|('l  ion,  Is'jii;  siirbif**  j\ir  inn  r  inn,  bjiso  nf  Ji^ireiNnii  (  iiy  Imu*-''^'*" 
'rill>  UrtI  ilurs  I  Ml!    ^1  uii'l  1  \    brlnMir  to  t!n'  disll'lfl    lu   \\]\\t\\   \\    is  ]ib>v 

as  il  )h'h  nil  ihr  \s»»k|  ^i()r  nl'  ilir  Pnrifir  fnl<l  and  jM-nbiibly  flrnv*-il? 
uiiirr  (liivri|\    I'lnm  \\if  O/jiik^       1 1   is  <lescrib('d  lu'ir  fnr  ihn  -nki  ■ 
rnini'iiiincr       li  vsns  relink  in  n  -luies  of  ii\:(^rhf'*ldrd  \\i\vA  -jin'i-^'  ' 
iind  rliivr'l\  liine*.lniirx  nin)  ^suhi^  i^>aid  Inhavo  r^nmr' fr**in  n  |Uir*  ^ 
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sandstone,  the  principal  flow  being  from  the  bottom — 1,550  feet. 
Water  rose  at  first,  it  is  said,  to  a  height  of  40  feet,  but  the  pressure 
has  since  considerably  decreased.  It  has  been  impossible  to  obtain 
the  log  of  this  well.  Keyes**  states  that  granite  is  said  to  have  been 
encountered  1,100  feet  from  the  surface  in  Franklin  County,  the  ref- 
erence being  probably  to  this  well.  The  water  is  good  and  contains 
some  sulphur. 

JEFFERSON    COUNTY. 


KlMMSWirK. 


One-fourth  of  a  mile  north  of  Kimmswick,  Jefferson  County,  in  sec. 
6,  T.  42,  R.  6,  is  a  well  o^Tied  by  the  Columbia  Excursion  Company 
and  drilled  by  F.  J.  Miller.  The  folloA\nng  log  was  received  from 
Messrs.  M.  L.  Fuller  and  S.  Sanford: 


Log  of  well  near  Kimntsuick,  Jefferson  County. 


UM  clay  (earth) 

Black  limestone 

Yeilow  rock,  soft 

Bhip-hlack  slate  or  soap8ton<< 

White  limestone 

Blue  flint 


Thickness. 

Depth. 

Ffet. 

Fret. 

38 

38 

18 

56 

14 

70 

25 

95 

35 

130 

11 

Ml 

MADISON  .( Ol'NTY,  ILL. 

GRANITE    CITY. 


The  following  log  of  a  well  at  Granite  City,  111.,  wa.s  obtained  by 
E.  E.  Ellis  from  George  S.  Reed,  the  driller.     Altitude,  about  435  feet. 

Log  of  well  at  Granite  City^  III. 


Soft  broMTi  sandy  loaui . . 
[^Mirse  brown  quicksand. 
OravcL 


White  limestone;  well  full  of  water 

Soft  (fray  slate 

Hard  brown  limestone;  water  softer 

tiard  to  softer  grav  sand  rock;  oil  s  iirll 

White  limestone;  nlled  up  with  sulphur  wuio 

flard  gray  sandy  limestone 

^hale  with  shells 


^ft  red  and  gray  shale  with  shells 

5oft  dark  shale 

Hedlu.n  gray  limestone 

*oft  red  and  gray  shale  with  shelh^ 

kfedjum  pink  magneslan  limeston  « 

lard  gray  limestone;  a  little  water. . . 

soft  green  and  gray  shale 

lard  pink  magneslan  limestone 

?oft  gray  limeston;  water  at  1,580  f.M't 
/ery  aoft  gray  sandy  limestone 


Jf^t-gray  to  white  soft  sandstone;  at  l,<i50  feet  tho  hole  ftlU'd  \>i.h  ii.liu  ml  I 

water  which  flowed  from  top I 

fellowlsfa  lime  rock 


Thicknes;\ 

Depth. 

Ffft. 

Frft. 

40 

40 

50 

90 

23 

113 

.382 

495 

GO 

555 

30 

58.5 

U-) 

(V4H 

87 

7.35 

.'jO 

785 

15 

soo 

20 

820 

20 

840 

.W 

890 

30 

«r20 

.v» 

975 

50 

1,025 

145 

1,170 

,330 

1,500 

130 

l,«i,30 

15 

l.(>45 

12,5 

1.770 

15+ 

1,785 

aMift.<(ouri  (Jool.  Sur\'*'y.  vol.  8,  1h;5,  p. 
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The  St.  Peter  sandstone  was  struck  at  1,650  feet.  After  going 
through  125  feet  of  this  sandstone  the  drill  penetrated  15  feet  farther 
into  yellowish  Jefferson  City  limestone.  The  well  was  cased  to  500 
feet,  and  a  vein  of  water  found  between  600  and  700  feet;  cased  again 
at  800  feet,  and  water  found  between  975  and  1,025  feet.  It  was  next 
cased  with  8J-inch  casing  to  1,035  feet.  At  1,770  fe^t  several  efforts 
were  made  to  case  the  water  off,  but  all  of  them  failed. 

ST.    CHARLES    COUNTY. 

ST.  CHARLES. 

At  St.  Charles  a  6-inch  well  was  sunk  at  Charles  Shibi's  brewery, 
5 J  Clay  street,  to  a  depth  of  1,475  feet.  Saline  water  with  a  tem- 
perature of  56°  F.  rose  within  80  feet  of  the  surface.  The  record 
of  this  well  is  lost,  but  it  is  stated  that  water  was  struck  in  a  whit^ 
sandstone.  The  brewery  is  situated  about  100  feet  above  the  river. 
The  altitude  at  the  Wabash  Railway  station  at  St.  Charles  is  about 
490  feet,  which  is  probably  50  feet  above  the  lower  part  of  the  city. 

ST.    CLAIR   COUNTY,    ILL. 

MONKS   MOUND. 

Four  miles  northeast  of  East  St.  Jjouis,  111.,  in  Brook's  pasture,  near 
Monks  Mound,  St.  Clair  County,  is  a  well  owned  by  the  Caliokia 
Development  Company,  of  St.  Loui&,  Mo.  It  was  drilled  by  0.  S. 
Willson  and  the  record  was  furnished  by  S.  L.  Shellenberger,  of  Atoka, 
Ind.  T.  Altitude,  about  450  feet ;  diameter  of  well,  12  inches  to  depth 
of  150  feet;  date  of  completion,  January,  1905. 

Log  of  Cahokia  Development  Company'' 8  well  near  Monks  Mound,  III. 

I  Thickness,     Depth. 


I       Ffft.  Fett. 

Soil,  sand  and  silt /O  |  -o 

Fine,  aarui '  20  'A 

Coarse  quartz  sand ., t  10  70 

Coarse  sand,  gravel  and  shells * '  no  i^ 

Bluish  clay  and  marl  (water  at  2a')  f ••et ) 5.5  ^ 

Bluish  lime.stone  and  marl I  15  220 

Fine-grained  white  limestone 15  I  2S 

Compact  limestone 70  !  3Do 

Bluish  fine-grained  limestone  (salt  water  at  .Hu't  ta^  ■> 10  |  315 

White  compact  fine-grained  limestone I  (0  375 

Blue  and  grayish  compact  limestone !  35  i  *\0 

Rusty  mottIf»d  llme.stone I  30  1* 

Hard  blue  limestone SO  j  '^ 

Fine-graine<l  chocolate-colored  limestone t  15  |  5ff» 

Coarse  bluish  and  grayish  limestone j  20  ,  525 

Reddish  rusty-looking  limestone 10  ,  SS5 

O ravish  limestone '  183,  7IS 

Bluish  clav  or  marl I  62  7» 

White  limestone  (salt  water  at  825  feet) o  135  1.0l-> 

Reddish  marl 30  I. WJ 

Mottled  limestone,  clay,  and  marl 7  !.<*»-" 

G  rayish  limestone I  18  1.070 

o  Probably  err.r  in  drill  r's  r^?ord:  should  i>e  235  feet. 
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Log  of  Cahokia  Development  Compctny^ 8  uu  II  near  Monks  Mound,  III. — Continued. 


Hard,  gray  and  red  limestone 

Clay,  "slate,"  or  marl 

Hard  clay  *  'slat©" 

Bluish  limestone 

ChocoUte-colored  limestone 

Gray  limestone 

Finegrained  reddish  limestone 

Flinty  dirt-colored  limestone 

Reddish-gray  limestofw 

White  flinty  limestone 

Granular  dlrt-colon»d  limestone .- 

Blue  marly-looking  shale  (a  little  oil  and  gas  at  1.4^  fe<>t ) 

Dirty  grayish  limestone 

FineNgrained  limestone  of  varying  colors 

White  sand  (weU  flowed  slightly  at  2,100  feet;  sulphur  water) 


1  Thickness. 

Depth. 

Frel. 

Feet. 

25 

1,095 

10 

1,105 

% 

1.135 

35 

1,170 

25 

l,lft5 

15 

1,210 

1                 15 

1,225 

1                 5 

1.230 

25 

1.255 

m 

1,315 

20 

1.335 

155 

1.490 

40 

1.530 

445 

1.975 

125 

2,100 

The  first  vein  of  water  was  struck  at  a  depth  of  205  feet.  Salt 
water  was  obtained  at  365  and  825  feet.  At  1,490  feet  a  little  oil 
and  gas  were  encountered.  When  the  well  reached  a  depth  of  2,100 
feet  a  small  stream  flowed  at  the  surface ;  the  water  came  undoubtedly 
from  the  St.  Peter  sandstone.  This  record  shows  a  gentle  dip  of  the 
strata  from  Missouri  eastward  into  Illinois. 

ST.    LOUIS   COUNTY. 

BRIDOKTON. 

Thirteen  miles  northwest  of  St.  Louis,  near  Bridge  ton,  in  T.  46, 
R.  6,  is  a  well  owned  by  C.  D.  Gamett  and  drilled  by  H.  W.  St^insick. 
The  following  log  was  furnished  by  Messrs.  M.  L.  Fuller  and  S.  San- 
ford. 

Log  of  Gamett  well  near  Bridgeton^  St  Louis  County. 


Alternate  sands,  limestones,  shale  and  fire  cKiy.  nil  inclined  lo  cave  badly 

Limestone,  gray,  hard;  thin  layers  of  cliiy 

Limestone,  li^it  gray,  very  hard 

Limestone,  dark,  brittle,  arenaceous 

Sandstone,  dark  gray,  soft 

Limestone,  very  dark,  soft 


Thickness. 

Depth. 

Fret. 

Fert. 

2<'.0 

2<.0 

45 

305 

10 

315 

115 

430 

70 

rm 

18 

518 

8T.  LOl'IS. 


At  the  comer  of  Main  and  O' Fallon  streets,  St.  Louis,  on  the  bank 
of  Mississippi  River  is  a  well  owned  by  the  Belcher  Water,  Bath  and 
Hotel  Company.  Depth,  2,199  feet;  altitude  above  tide,  420  feet; 
temperature  of  water,  70°  F.;  flow,  75  gallons  per  minute;  date  of 
commencement,  April,  1849;  of  completion,  Marcli  12,  1854;  cost, 
$10,000;  surface  formation,  Pennsylvanian. 


IBft  rKT>i?Konorin>  waters  of  mis^soi^rt, 

Tho  fl^U^win^  18  H  portion  f*f  the*  <l€*siTiptioa  of  tin*  BcWuprwr 

pv(Mi  by  Litton:'* 

fi*i*t,  lUiU  wttJ*  fimiuJ  i*i  iTiot*i*SM»  in  fifni^tmtmg  iht"  a^ttl  hIiiiU-^  nt  tin*  di'jiiii  tii 
and  th*^  nnl  nxaH  lumiulh^  to  uugnictii  in  piv^sing  IIk*  sihaJe  £it  I  hi*  di^pnii  trf  *iH»  f( 
Ui  \n*  i.*\tA\i.H\  mtiAt  11  Un  mi  an  My  in  piii^ini;^  \]u-  l>itniiiinoii?  nmrl  21 1  llii*  Je|jllttl9 
This*  Mmtuni  uf  nitu^l  m-iis  f*iund  lo  hi?  Viry  bumninoum  and  thr*  txfftn^v^ 
ev(*lvtHl  niurh  r:irlHiri4r'il  hyditigt^n,  k^vinga  clay  CT>%'i*r<^l  tty  iii^mH^ tiktk 
iht*  ilt^kdi  iif  honn  fi*t<t  tbt<  4]uantity  0/  gn^  wa^  found  to  dtminbh.  and  ty»dis 
cnnlimii^d  to  lUt*  tlt'pili  nf  1.1:55  [vrl.  At  tin*  ti^ptli  of  l.lKi  fc*i  if.  bti^i 
hiortji;^Oi  anti  bm^nnu-  j^lill  mon>  sihundant  nt  tlic  <lt<]it1i  of  K222  fi.^^'l .  Al  \hv^ 
1.27(1  foul  Li  dLuiLniphcMi  in  qiiiiiUiLy;  Imt  at  5  U*i>i  ht^UiW  it  bi^gati  ftfpiiii  lc*u 
whiU>  at  tlir  depth  of  l,3<li  fr^t  its  quflniity  wna  ob«trv<*d  Xty  diniinialL, 

Hulplmrt'tcd  hydnjyrt'tr  wi**!  tii^t  liUwrvint  at  tin?  deptli  of  1.510  f?^,  mitd  Lh 
wiu^  Uivn  found  to  111*  (^itvtngly  imprc^uiUHl  with  it. 

A I  ilH»  d*<prb  ai  <ilO  fitrt  thv  uaii>r  witn  ti^^t  dit^i'dViTinl  to  Irnvv  d  t&dirn-  l^V 
jya  fiH'L  tlii?«  juijporLy  wilh  (nmid  ti>  ho  nu^u  iniirko<t*  th(*  watvr  at  thiU  tlvf-iJ 
pvaprjmtioa,  b-aving  a  insidn*^  of  1  j  pcT  ct^nt  uf  rnA'u]  (ti|i«<i,iiin-tafl.  Al  JU*- 4 
\SH^  tv**i  tile  ipitintity  of  lln/se  wiU8  fftunri  inrFi*it*'CHi  Uj  IJJ  [K-r  r**nt.  Ar  iJK7  J 
pffc't^ntJi^^^  i>f  salts'  iiT  .%>lution  was  /tnin<l  to  havt-  diminiMlii^,  I  juiurni  li  wi 
("VHjHjnition  It^ villi:  only  148  grams^  but  at  tia<  dcplh  of  1 .230  ft*e?t  tht*  pm-rDtt 
found  to  bt*  alxint  S. 

ft  «  11  -»  -H  « 

Ttit*  i>bst*rvtttic>ni<  tnatlt*  duriniy:  llip  piiikinj^  i>f  tht«  wcU  flliowttl  that  tlw*  oam 
of  watrr  was  ohtaim^l  in  thp  svift  whito  sand£itrm<*  »t  the  d*'pth  i»f  1»515  f***t;  ^ 
i'\prriuo'nl8  fliiin*  nmib*  by  Mr,  Hobn,  tty  ]n*wiT3^'  rt  tnln'  lo  (hr  d^pth  *i  uhi 

inniii  sup|)ly  of  wiilcr  was  <)l)t:iin<Ml.  lie  thinks  then'  is  in>  waf'T  \v]ii<  ]i  n-.  - '- 1 
lac-  l)ilc.\v  ilii-  -ati«l>l(»i\<'.      This  Sacchan»i.|  san«lsron<-  i-  \  *  r\    }-i>    1-  ,1;   :    - 
III  I  he  (■oiini  h-  1"  ihf  \v<-l  a  IK  I  south  ol"  Si .   I.<*ni>.  at  \\lii<  li  p'-mr-  li..    j  ■  ■ 
1  !i.    r...k-  i-  1.1  I  hf  .mH  ainl  iKTlh. 

Tlii    iMi  In  mI  I  h.-  iii(i<  ;!-<■  <.l'  ih.-  cai-lh's  l«'ir,|)rratnr.-  a-  \v.'  .l.-^r.-n.  I    .•.   i  :  •     : 
'lai.i   iiirni-heJ   l-\   !  hf  ;i  n  «-iaii  \\<-ll  al  Si .   I,«  >nis,  <1.m'<  n.  a  .1^:1 ,  ■■    w  1: !:  •  ii  , 
l'i"iii  '  'l)-'i\  al  I'tii^  iii;i.i.>  ;it  (il  hij-  ailtsiaii  well-.      'V\\c  w  al>  r  a-  i'   ll  w  —  •    ii  ;: 
\\\<'  I  tlin-  I  y  ha-  a  -  '  iii-iaiil  Ictiip.i-ai  ui<  .  and  ace  •!■(  IIml'  Im  ni\  '.!»-<  t  \  .i".   i.   :  ., 
1  h.  riiiMiiM  hi  ■ji.i.lii.u.-.  I  i,,(,ii,.-iiiih  ..i'  a  (h'.Lri-(M'.  it  i.-  i*:',-^  < '.  -- 7;i.  1 '  I'".    T:-   ; -■ 
iiiii|M  r.ii  111''   ''1     Si.    L.'iii-.    <hMhic<-<l     fmni    ih<-   .)l*<fj-\  ai  i:*!!-   mi"    I>,h!.'    !    . 
(1  iiii  in  ikm]   (|iiI\    Jiiniiu'"  i  w  <aii  y-l  wn'  y<'ars,   is  •'>•').  i':!^'   V.  ^\2.*^    '         1,<^.lll:■ 
li-iiiii  u  hii-h  I  he  \\:ih-r  al   i  hi'  W'W  cmih.--  Ir.  hr  \J^\:^  ff<'I .  lhi>  w.ail.i  jp.  .    i- 
I     I'\  loi-  *\-.  I  \  s;;.:;  1,  ,1  ..|  Ji-c.  ni :  aial  \"V  an  intTca>r  of  1  ^  < '..  .1  ,;,  .,  .  ;  ■ 
Ian  Imi-  ;iii  iiicr.;!-.   .  a  r  '      r'<(  iiiio^.  ;ic((.r.  lini:  In  lh<'  n)».T\  at  ion-  a'  <  H'  1^   ' 
'1    hi  I.e.  f.  .  t  ;   al   .Nhai-o-in,  .1  .!,-.•, ail  of  !I7  fc<-i :  al  N(aisals\\  ork.  a  '1-  --  •  i,'    : 
ai    Ti.  .jiiw  n.  ;n-  (  nn''\a.  a  <lc-.-onl  of  !>7.;;  fc.'t. 

I  "i\  <•  hiiiair.  (I  -ram-  ^f  i  h''  w  al'i',  lo  which  ha«l  hcoii  aihio<l  ]  .'>>\  l",iiii^  ]   ;' 
ai<    ia-.M|,i     w.'h'   ('\  :i|H  ,!ai< 'I    ill    a   plal  i  nn  ni  ca  j)-nl' ■  1  o  <h\\-tn'--    .t 'p  i   !■   C'   . 
L':i\'l'"r    i"i.:  i  \',  .  iijlii  i.f   ■■  ili,|  ,Mii-i  innaiK   h;l!«")').  in  which  w..-    f. .  11;.  i  c  (H1' . 


i...    1.^      \.':l.i.    S.-l,.    \>>\-    1,    lv.il.    ;,,, 
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Analyses  of  water  from  Helchir  well,  St.  Louis.a 
[Analyst.  A.  LItton.l 


No.  1. 

Parts  pvfT  million. 

) 2.4 

4.5 

a) 495 

(Mg) 180 

i) :.  2,472 

;K) 84 

•adicle  {CO^) 132 

.dicle  (SOJ 576 

1) 4,70() 

ireted  hydrogen  (HjS)  14 

1  dioxide  (COj) 55 


No.  2. 

Parts  per  million. 

Silica  (SiOj) 2. 3 

Iron(Fe) 4.4 

Calcium  (Ca) 474 

Magnesium  (Mg) 1 72 

Sodium  (Na) 2, 305 

Potassium  (K) 81 

Carbonate  radicle  (CO3) 120 

Sulphate  radicle  (S(\) 551 

Chlorine  (CI) 4,  500 


8,  275.  7 


8.  720. 9 
t^vaporation 8,  791       j 

Qiinations  of  other  gaseous  constituents  than  carlxinic  acid  and  sulpliun^tefl 
rere  made  for  want  of  an  accuratt*  eudiometer. 


Ijog  of  Belcher  well,  St.  Loiiis.b 


9  (628  feet) : 


•c'k. 


Thickness. 


0  te*rt} : 


r,  Trenton,  and  Black  River  ((K»  twD 


us  marl . 


«k. 
e... 


nestone,  undifferentiated  (782  f(H't) 


ft  sandstone 

e  with  much  iron 

e  with  clay 

e  with  lime  and  clay, 
ed 


Feet. 


27 

3 

230 

15 

75 

27 

78 

3 

37 

8 

125 

17 
30 


Depth. 


Fret. 


30 
260 
275 
350 
377 
455 
458 
495 
5a'l 
(.28 

(;45 
(i75 
718 


42 

7«:() 

119 

879 

r.7 

944'. 

20 

9<>6 

75 

1,041 

138 

1,179 

(iO 

\/m 

133 

1,372 

18 

\,:m 

27 

1,417 

47 

1,464 

:{8 

i,ri02 

i:« 

1,640 

187 

1,827 

192 

:',0I9 

i:{(i 

i>,  ir>5 

44 

2,199 

I  by  analyst  in  grains  per  gallon  and  hypotln'ticilcoiiihin.itions;  nTompiitiMl  \n  Ionic  fonn 
•  million  at  United  States  Oeologieal  Survey. 
.  Louis  Acad.  Sci.,  vol.  1,  ISiiO,  pi.  5. 
Devonian.— E.  M.  8. 


Ifi2 


tmDERGttOrKt>   WATBUS   OF   MtfiSOtTlL 


TIh^  eiimpikny  ha^*^  rec'^ntly  hiiilt  a  fine  Irt^v  hold  Ami  iMthboi 
at  i}w  ci>rner  of  Ftmrlh  strtx^t  and  Lucas  avenue,  to  which  puiuid 
water  ironi  tliis  wt41  hus  lieeii  piped.     Tlie  water  is  aperirnt. 

About  6  miles  southeast  of  the  B^^lcher  well  m  the  iiisaiMHiijli 
well,  tl(*i>th,  3jS4aifeet;  altitude  above  tide,  600  feet;  temjM-maiw 
water  (Brnadhoad),  105'^  F,;  date  of  cuniTnencement,  MaPtii3M*l 
date  of  ci*nipletion,  August  9, 1861);  surface  fnrmatian,Pe0ftijlTiiiii 

The  tollt^win^  log  ijf  this  well  was  publislied  by  G.  C  Broadktd! 
1 S 7S  /^  T h e  w o r k  w as  su peri  u tend ed  by  M  r ,  C .  W .  At kin^^n ^  wbj  u 
lected  speeuTiens  everj^  few  feet  and  carefully  arranged  them  in  ben 
whieh  were  st  ored  away  in  the  asylum,  lie  also  filed  with  the  emu 
clerk  a  sect  ion  and  reeord  of  the  work. 

Log  ^  mtmyM^ln-m  mtJI,  SU  Louis. 


Cinq's  r*f  "  ■'  BlilH"  lekaAlowOA]  |4J  fwt^ 

rijiv ...,....-. 


rat.      t 


Uvd  r 


Ki'cl  d**r .„^,.,..*^. ... *......_.. ,..>^^.,i.,.-.^-„-* 

finscUiy. ....... .......>...... »* — .............. 

1 1  h  If  Atu  \  <i  m  U  olii y ,  Hll^i  11  y  fralcuTiw  u» 

<' hi "  P"t  \' Hrn'''>^(<">t  »■',., .  ,,    ...    

i>:i'  k  111'!  i'hi(-li-sriMV  '■liriU'-H  -U-Tlill.  iTih-ir*-'iM- 
Ch.i  i\   |iiii,>>t,>ii,' _ 

Cm., I _ 

l.l-ht-'ailr  (l:l  .■ 

ll;it'  ,-ti.-;  I  '.   liic  ^1     11. •    upj"i-  r.'M  iii^    mwiti.-  i.  \<'v  ,  r  ]'. 

hi.,    ■     111   1   L"    ■        l,M.'.|.':i.'.   L:.   !1.   !:lll\    h;i;M   ,|II.!  «  (m   !■!■,   .   .  .  , 

All'  r  ;;  il  ,'rj  r -;  i- -■  ( ■  .!l-  .m-i   ^M:i|,  - 

Il,ir    i   ''lii     '  fi."'l',    I1-I...M..1I-     

\  .1'.  ii  I'M  ,  ;,•  '  I,  r  .  ,•-    i.|!ii.'i--i-,,\-  1,.  !.irr  .iii.i  .ii-,,i.  .h- 


■  i. 


\!--ll;.    liL-1.1 


■  !•' 


-■St. >!!>■:    rh.li   .iiri  li-iirst.,;;.    ,ir   : 


M' 


l;.  '\  hM'.  •  I. .II.'.  .     __  , 

I.l.MiI-Ml    ii'  :i'i  1  L'i.,\    liiM.    .1..:,-.   -Miiir  rh.M  t 

\!L:iil  M  .  .   I1-.  li   '..  -  I..:,' _ 

l.iL-hi-^i  i\   \i     '  -I..1I.  .  ^:iM,..  -I,,  n 

;ii..ii,  ^Miii  i;i  M  K  Kiv.  I  ;,-i  i;i!-.u.-s..  (  L'l  r..  t   . 

\|m^I|\   .,  li^!ii-.'r;i\   or  ih!-  ,  1  ,\  .  .  

I'ltk  i\  r. 

■:ill.     .  l,i\      .i(rl-;i  :!ll.-   \Mt'i    I'llP    llM;.'vt..Il.'   l:tV.Tv. 

I'.hi.-   Ill  !  'Ir..!'  hi  r-\,,iu'.  -,  iHi  [.rof,.|t  h   .,,iii.-  niMuMirv,,,,!  1., 

ri.    III!-.  ..|  .!.■  !  1, ';,.-!. u  .      .|    1    Jl.,  I,  .■( _     _ 

I,l-li!-''li|.-  -  l<.  1  I       1    :m.  ■  I-i,.-     ^.ill    'A  jirr  ;it    l.J_'t)  l'  ■  I  .     . 

l.iL'lil-r    .|..!r.i    lini.    .I..;,,- 

I'M  ,.    l,[p-^t..I   .    .  

I    M,i:;ii.-i  II;  !■   ,'■■■  l-ii-  i  !,.  p  !iii;   1     I  |a  i.  ,  I    : 

I.!,-!;!-    lf:M.    .    Ilrfl  ■.     I:!t    r-IoF', 

^  rlh"A  :-ti--!-.r.    1 1  I ;  i.  ■  ~  t  ■  H   ■ '  . 

\yr.l.    lli;|.    .t..'|.-   I.--.!i:    I     ]■•_   1.  .   I 

l.u-iil-.    >;oi.'.i  i;:i  .-^lo;  ,■_       .  

-.  Ii.i!"'  !,il  ■■  ii..i-t.>'i-  l-l  ,    I'.  S  ;  i     ;  :  ;  t'.'.'I 
M'-M'.    pill.    IV  ImI.    -.  ii-l-t    .1-,  .  |.  ,!!■  r.inr.!..!  i:r:ut\^ .  .  ..!if:iit 

..i(.|    \I:ii'i'r^i.,ii  |ifii.-l..'M-  !  '.  Ill  ;-..'P  (11  ',  I  ,  ",!7  f.  >■! 
|:ii!l-iM..uii  .1'-!  •!!   ,1.  ,  I,,  i-t;    liiv....!,,.,.' 
nm)-  ,,.l    I    .!l.il.  rl,,   tf.     in   lUfh   M.lfl   1-1   .   -f..',-        

■  ■'i'\  -  iipM..':-  ii;-ii'.M|,.iiv  I  '  -J  i.  .1    - 

II.M.l     :MI    1      n,..-ll\       |.M'-     -    M.'i-  iMllr.      W     Ih       ..>.:,,       1;. :.■■.!<. Ii.' 


ilpl- 


Tlir.     -I 
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Log  of  iruane-tuylum  udl,  St.  Louis — Continued. 


mi'taUn  limestone  (Oaaconodel  (838  fcrt) : 

toiM!  and  chert,  drab,  bull,  and  gray;  chert  l»cd8  pri»bttbly  iiu-liuic  ont*- 

the  serioa 

Tt  from  2,671  to  2,735  feet;  sand  often  ulniiidant 

•  sandstone  with  a  little  lime  in  upper  part 

tone,  mostly  free  from  chert  and  sand 

Istone  (URfe<>t): 

lone,  dirty  tt>  bliK*  and  red<li8h-gray 

ignesian  liinestone  (384  feet) :  I 

iiaKnesian  slate 

-ish-<lrab  or  gray  magnesian  limestone,  hard,  with  littiio  8iind;  the 
r  «i  fiM't  is  thin  t«dded  and  clirty  reddi«h-gruy,  with  some  sandy  UmIs.' 
(andstone  (54  feetK' 

•  hanl.  thin-l)edded  sandstone,  daric  oiivt-gray  in  cf-ior,  consistUi^  «»(  | 

e  and  )»laclc  grains 

in«l  limestone 

init«*  fi85i  ftH't):  i 

I  Siindstone  near  upp<'r  part,  the  lower  m<>Mtly  graiiit4';  the  lower  40 
is  a  hard  red  rock  and  is  certainly  powdered  granite I 


dhead  savs:** 


Thickness. 

Depth. 

Feet. 
487 
172 
37 
142 

Feet. 
2,071 
2,843 
2,880 
3,022 

98 

3,120 

13 

3, 133 

:i7l 

3,»H 

41 
13 

3,545 
3,558 

-^ 

3,8*^1 

th<'  Iwjriugs  began,  the  water  in  the  well  hIcmkI  at  40  feet  below  the  8urfa<'e;  at 
m  S  or  JO  inch  opening  was  struck  and  the  water  nank  in  the  well  to  a  depth 
et.  Salt  water  was  obtaintnl  at  1,220  feet.  At  1,225  and  1,202  feet  from  the 
stnmg  petn)leuin  Hinell  wa.M  recognized.  Sulphur  water  was  reachc*<l  at  2,140 
2,25()  the  water  in  the  nand  pump  indicated  3  per  cent  of  salt;  at  2,957,  4J 
at  3,293,  2  per  cent;  at  3,307,  k^ than 2  per  cent;  at  3,384  feet,  3  percent, 
w  3,545,  7  to  8  per  cent, 
iiients  with  a  Fahrenheit  registering  thermometer  indicated  the;  following: 

Temperature  at  different  depths  \n  insane-asylum  well,  St.  Ijouis. 


n«n*h     !  Temi«»r-      ia„,^.u      Teni[)er- 
"**P<h.       ,,.„'  Depth.        „,„»  . 


Ffrt. 

«  /'. 

Feet. 

OF 

3,127 

lOii 

3,«.04 

m 

3, 129 

107 

3,1)41 

104. .') 

3,2B4 

lOfi 

3,?28 

Ift-i.  5 

3,376 

lOH 

3,800 

la-i 

3,473 

!(>:> 

3,8.37 

105 

3,533 

la-. 

»  }>o  regretteil  that  no  tests  of  lemiwrature  w^ere  made  alwivt*  these  indicate*! 

ng  to  the  depth  of  833  feet  the  drill  w;u^  often  ubservod  to  btr  highly  iii;ignetize<l , 
passing  that  depth  no  further  innuenci;  was  ()l)serv<'<i. 


ttOp,  lit.,  p.  221. 
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UNDERGROUND    WATERS    OF    MtSlsOUm* 


"  At  the  comer  of  Forest  Park  lioulevard  and  Vandevenl^r  ftTin 
la  a  well  u^^med  by  the  Welle-Boettler  Baking  Coniptiny  and  drilWl 
Kd.  Meluy  and  A,  AV.  Dickinson,     The  folloMTng  log  wm  IwiiA 

^y  Mesaris.  M.  L.  Fuller  and  S.  Sanford; 

■  Log  (if  Wdle-Boeltirr  Bating  Company  jmll^  St.  f-otiw. 


CIiiVh  gniy*  sioft- ,  .......  =  .. **.**-,. 

SiHrl  t^fJd  gJiiVP' , , „., 

Shiily  liTHf*fttnnr,  gm}\  h*nlj  lUlte  ^moar 

LSmosUnip,  ijfTay,  haM,  vhiirp.  _..^ 

L]iTir'sloiM%  t^TU^y,  soft.  ,.,„_,_,,^,,„,, 

t.Un'*'<t"ni^ .  „ ♦ .  * ,  4 .  *  -  - . 

Sl**Lli\  iltrlit.  f»nft ..  .  ,_.__.„_. 

UiEM'Morir,  Itrjiy,  hit fj .-....,. ..^^«,.*.a...^.*i;. *-•  b-^**--- ■  -» ^^, . »**^,4 

Hrnkf'Tl  l.rWfclnm'  ahJ  HhnlOt^im^f      ' 
I4m<'«tf>r;r,  (tr^rj',  .^of t .  ..,„.*»»»^. 

titiiii  ^Tfirn',  iifuyK  hiinl.  *...,.,,,,, 
I4iii*'t»ictiu%  i;fnt5^  stitt . , ,,-.. 

Llriin?4lohr,  urvi\,  hunl    , --. (.^^ 

I  ;l  mrnlfirr,  1  i^\\t,  hnitj  .  _  ^  ,♦....  I* 

I.I I'^'H-  flint,  umv*  Fory 

Li  lit  ijTfjiy,  ImTO 

J^l;  ...fLo ___ „..,....,.., 

tj;..         ■    ■  ..^riiV^hiiKlff  „,.,-, .^^,..T*^. --^. -...-. ^^.,.^. 

muLU%  Jafk  O'U  ^nft.  flhowlneofoU* .....,.,...,...- 

Llwi^^tftrKS  g  ray,  b« nl  >»..„, ,..,....,......,_...„ 

Unirstuno  jijiil  :h|ijjIc  in\.r,  giBy,  hfkidl  hoJ^i'AV^  tkadlj. 

8h..i.'ii..  '■•    -!(.,_. , 

f.hiM    I..  .  ■'.vTi.  ««ft;mUpf»H -,,, 


.-»**(^  ^jt^mym-miL 


'V]\c  Si.   I.()ui>  'I'rniisit  Coiupany  sunk  six  docj)  wcIU  .-n   i'  » 
of   Pnik   :iii(l    \';iii(l('V(Mil(M'  j!\eniies,    four   in    ]s!i't   .nnj    ns..  r 
Tlic-r  \;iri(Ml   iVoin    ~)(H)  to  SOO  IVet    in  doptli.  "      X«»  record-^  v*: 
>('I'\(mI.      ( )n('   \\(>ll    w.'is  sunk   to   n   depth   of    ")(N)    fvci .   inid   i; '• 
|)('c('iid)('r,    l!M)j.   ii    \\  ;is  contiiuiod   to  7(M)  feet,   wlien    it    w,:-    ^ 
wiili    KM)   pounds  of  dyn. mito    in    tho  hope  of   ohtaiTuiii:  -T-^ 
w.ilcr  from  .-dl  l]i('>(^  ^\cdls  \v;is  strongly  saline  and  irnjUi^LMi.;'*  •: 
sulphui('l<Ml    liydroL'^en.      As    it    corroded    tlie    i)()iler>.    thr   wti,- 
;d)andon(Mi.      W'atrr  >iand>  within  100  feet  of  llie  >urfaee. 

In    ls'.»."»   ih<'  >ain(^  (•oni[)any  (h"ilkMl   a  well   at    its  ^tntiMii  i.- 
power  hMM^(\  on  the  corner  of  Jf^ll'erson  street  and  Clever  .ixep, 
<lepih  of    l.foo  f(M'i.     St  roni:  sulj)hosaline  water    ruse  wIiIli   *' 

feel    of  I  he  -urf.iee. 

The  following:  analys(\<  were  fiu'nislied  by  ^Ir.    Kdwar<i  P.  ^: 
1  he  ;'hal\-^l   .M.d  (h:te  heiuLT  unknown. 


■1  1'.  Smith  and  Ctuirl'-.-  T.  <  -n  j 
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^f«  oj  water  from  welU  of  St.  Ix>uu  Transit  Cmnpany,  Park  and  Vwidt  venter 
avenues,  St.  Ijouis.a 

WELL  BACK  OF    OFFICK. 


Parts  per  million. 

(SiOj) 18 

and     alumina     oxides 

jOj-fAlA)   5.-^ 

(Ca) 134 

iumO^Ig) 28 

(Na) 25 

mate  radicle  (COj) 173 


PartH  per  million. 

Sulphate  radich-  ( S(\^ 1G3 

Chlorini'  {C\) 39 


5S5.  2 

llesidue  on  evaiMiration 070 

Residue  on  ignition b'M) 


WELL  SOITII  OF  KAILKOAJ)  TR.VCK. 


PartH  por  million. 

(SiOO 12 

and     alumina     oxides 

.Os+AIA) 4.4 

lum  (Ca) 104 

leeium  (Mg) 19 

lUm  (Na) 20 

te  radiele  (CO.^) 138 


Parts  \VT  million. 

Sulphate  radicle  (SO^) 113 

Chlorine  (CI ) 28 

438.  I 

Kesidue  on  eva]M)ration 490 

Re}*idue  on  i»][niti<>n 400 


DEEP  WELL  SOirril  OF  UAILKOAD  TR.VCK. 


^(SiOj) 

and     alumina 

-CaPeA+AljO,) 

ium  (Ca) 

iiim  (Mg) 

(Na) 


I*anHix»r  million. 

13 

oxides 

Traee. 

118 

23 

20 


te  radicle  (CO,) 145 


Part.*  p«T  million. 

Sulphate  radiele  (S(  )^) 14() 

Chlorine  (CI) 32 

497 

Rmdue  on  evaiKiration 533 

Residue  (»n  ignition 415 

Su8pen<led  mat trr 210 


1903  the  St.  Louis  Athletic  Chib  sunk  a  well  to  the  depth  of  580 

No  record  was  kept,  and  no  analysis  of  the  water  has  been 

It  is  stated  that  drilHng  stopped  in  a  soft  yellow  sandstone. 

I  water,  which  is  saline,  is  pumped  into  the  club's  lar^e  swimming 

1  by  a  Worthington  pump. 

Numerous  other  wells  have  been  sunk  in  St.  Jjouis  and  vicinity 
>ths  varying  from  200  to  1,S00  feet.     In  all  cases  saline  water 
obtained,  and  the  largest  supply  came-  from  the  St .  Peter  sand- 
at  a  depth  of  about  1,500  feet. 

Anheuser-Busoh  Bre\\'ing  Company  lias  two  w(^lls  which  liave 
abandoned,  because  of  the  corrosive  iiction  of  the  watcM*  on  the 
Brs.  At  the  Grone  brewerv,  Twenty-third  street  and  Clark  ave- 
^j^f  water  was  found  in  the  St.  Peter  sandstimc  at  a  de])th  of  1,400 
^t.  In  June,  1904,  the  Belz  Packinjr  Company  stink  a  well  on  its 
^operty  at  3600  South  Broadway,  and  found  water  in  the  St.  IVter 
^iJiitone  at  a  depth  of  1,500  feet. 


*XjEpn»9ml  1*7  affiAlyst  in  gimlnfl  per  gallon;  ivconiputcU  toionk-fonn  tiiKlpurtsiHTniUliniiut  i.'iutod 
Wtim  Oeolo^cAl  Burvej. 


> 


UNDKRQROITND    WATERS    OF    MIBSOCBL 

One  and  one-lmlf  miles  southweat  of  St.  Ix»uLs,  in  bltMrk  21^^ 
houiB  County,  is  a  well  nwned  by  the  Banibrick  Con^tmcticiiOri 
])aiiy  and  driUcd  by  TI.  Steinsick,  Tlie  following  lug  w^  worn 
fry  1x1  McsHr^,  M.  L.  Fuller  iind  8.  Sain fi ml: 

Lot/  of  Bambrkk  Ctm^rtieiicm  VomfiaHy  wtU,  ft^uf  Si.  Zrvnt*. 


l*jirk-|rr«y  shaXf  oolitic  HniosUtuu, . ...„,...._ ,._,,,. 
Ugbt-grj*y  lUiiP*t«>Tn^.  witli  mtich  clt**t  ..,*...*..-.,., 

L3glil-j?my  liujowtuLU'.  urifiotU  rem»ifi*-.^,,,*^„ 

i.liht'^ni y  tlitirty  liino:^ionp. *^*^,, ,, 

LIgljt-tfn tV n t lu*rt y  II eui*h1otk^ _,,,.,,,„„,*.,*,.„ 

Llglrt  .[frji  V  hIj  I'rii  i*>Stlul  Umi^itottu  .........„* 

Gr+Jiv  wliiilv  Jiiii-'Mtmi' ,..,..,,,.,-.,,, 

II  TO w  II .  w»  J I  (U  Uii Ji>at  Qiic,  Chraauiig , . , .  ,^ . . ,  „ ,  „ . . . 
Illdieic  Ittiix^Iink'., .., , .,-,.H  .H..,.....^<.^->-*.. 


it 
ii 


ml 


ST.  FRANCIS  MOUNTAINS  UfSTRICT, 

Tlie  St.  Fmncis  Mountains  district  incliul^s  the  southe*^t<*ni 
of  thf>  Stat(^  Kith  the  exceptii>n  of  the  swampy  regiim.  PoHm 
the  following:  counties  are  ii\ithin  its  bardei^;  JeflTer^on,  Washiui 
St.  Francoihi  St-e,  Genevieve,  Iron,  Reynolds,  Madison,  PenrJ 

(lirunleau,  Bollinjzer,  Wayne,  and  Cartrr,     Tli*-  catrlunrnf  jtr^i 

ninsi  of  tlic  flowini:  \v(»lls  in  Jiis  district  is  in  ihc  Si.  Fraiiti>  M 
tiiiiis.  MowIiil:  wells  arc  locaUul  at  or  near  \]ic  followiiiL:  i>i:!'-- 
Solo,  .IcM'cison  Coiiihy:  Bismarck,  St.  l''rancoi>  ( /oimi  \  :  TiIm  1 
and  irniiioii.  Iron  Conn  y:  h'rcdcricklow  n.  Madi>(>n  ("Uin  \  ' 
lioiiias.  (\ij)c  ( iirai'dcaii  (\ninly,  and  (Irandin.  Carlcr  ('oimix 

(wri-:  ciKAKDKAr  (orxrv. 

ii\  i:ii»Ki>\  II  i.i:. 

In  BinToi'dN  illc,  (\a|)c  (Jirardcaii  Connty,  in  st^c  Mi.  T.  :;].  ;! 
i>  a  \\<dl  o\\nc(l  hy  J.   II.   I']s|cs  and  drillc<l  by  Henry   P>rr-i!k' 
follow  iiiL'  l"!-'"  \^a^  i-('cci\-cd  from  M(\s>rs.  M.   L.   I'ldlcr  and  >.  >.r 


/,:,!.  I    I'.hs    nJI.    /Iinlnrrhlil..    (  'n  n,    ( .  I :,:  r,i  .,  '  •     ^o.;;, 
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POCAHONTAS. 


In  Pocahontas,  near  the  center  of  sec.  31,  T.  33,  R.  13,  is  a  well 
owned  by  Thomas  D.  Hope.  Depth,  62  feet;  casing,  6-inch;  flow, 
weak;  date  of  completion.  May,  1903;  drillers,  Steimel  &  Reid,  Jack- 
son; cost  of  well,  $100;  surface  formation,  Hudson  group.  The 
water  flowed  from  a  clay  opening  immediately  under  50  feet  of  solid 
limestone.  No  variation  in  pressure  has  been  noted,  and  pumping 
merely  stops  the  surface  flow.  The  water  is  hard,  cool,  agreeable  to 
the  taste,  and  is  used  for  all  purposes. 


CARTER   COUNTY. 
GRANDIN. 


Four  wells  were  drilled  in  Grandin  on  the  land  of  the  Missouri 
Lumber  and  Mining  Company,  in  sec.  11,  T.  25,  R.  2  E,  on  low  ground 
and  near  a  stream.  Through  the  courtesy  of  Mr.  C.  C.  Sheppard, 
superintendent  of  the  company,  the  writer  received  a  set  of  drill 
samples  and  data  from  well  No.  3  of  this  group,  from  which  the  accom- 
panying log  was  obtained.  One  of  the  wells  flows,  and  the  other 
three  stand  full.  Well  No.  3  is  206  feet  deep;  altitude  above  tide, 
about  580  feet;  casing,  8-inch,  18  feet  to  rock;  date  of  completion, 
1900;  cost  of  well,  about  $400;  surface  formation,  probably  Bonne- 
terre  limestone.  The  principal  source  of  water  was  reached  between 
140  and  160  feet,  in  a  limestone  rock  that  was  much  seamed  and 
fissured.  This  and  the  other  wells  of  the  group  were  drilled  to  sup- 
ply good  water  for  boiler  purposes.  Each  well  will  furnish  about 
50,000  gallons  when  pumped  for  twenty-four  hours,  and  the  supply 
is  not  diminished.  The  water  is  hard,  pure,  and  cold.  One  of  the 
wells  was  sunk  to  a  depth  of  320  feet,  but  the  record  was  not  preserved. 

Log  of  well  No.  J,  Grandin,  Carter  County. 


Pink  ailioeous  limestono  (dolomite),  with  marnmill.iry  qinrtz  t\iviu»v5  ...nd  so.ac 

siliceous  partirlcs 

Light  pinldsh-gny  siliceous  dolomite,  increase  in  silica 

Same,  with  some  chert;  moro  siiiccous 

Similar, but  finer  grained,  more  angular  particles,  witii  increase  of  v.hito  chert 

and  silica .* 

similar,  highly  siliceous,  with  some  white  chert 

Similar,  some  white  chert,  small  cavities  in  particles 

Dwided  change;  largo  angular  fragments  of  light-gray,  highly  si  Hero  is  f!<>|o  :iite: 

no  chert 

5ray,  coarse  siliceous  dolomite,  with  irregular  cavitits  that  an-  sl/iatly  iron 

stained j 

Rner  grains  of  higlily  siliceous  pink  dolomite  merging  into  i)ink  (y.uiri/iio 

Uropid,  milky-white  to  pink  quartzite  and  highly  siliceous  tloloniitc 


Thickness. 

Depth. 

reel. 
04 
17 
20 

Feet. 
64 
81 
101 

30 
10 

1       10 

1         , 

131 
141 
151 

'       10  1 

1(1 

10  1 
20  ' 
1.-) 

171 
191 
I0(i 

This  well  is  all  in  one  formation,  and  prob<ibly  near  the  base  of  the 
eterre  limestone 

iRR  195—07 12 


Bonneterre  limestone  or  Fourth  Magnesian  limestone  of  Swallow 
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IBON   COUNTT. 


The  records  of  two  nonflowing  welb  at  Ironton,  Iron  County,  are 
as  follows: 

The  Ironton  Manufacturing  Company  well  was  drilled  by  T.  J. 
Lemaster,  of  De  Soto,  in  1902,  to  a  depth  of  300  feet,  wnth  a  6-inch 
bore.  The  main  source  of  water  was  found  at  100  feet,  but  other 
water-bearing  beds  were  found  at  15,  75,  150,  and  200  f^t.  The 
water,  which  contains  iron  and  sulphur,  rises  within  5  feet  of  the  sur- 
face, whence  it  is  pumped  to  a  feed  boiler.     The  well  cost  $350. 

The  Clark  Manufacturing  Company  has  a  well,  drilled  in  1900, 
which  is  situated  in  a  valley.  It  has  a  6-inch  bore  and  is  305  feel 
deep.  The  main  source  of  the  water  was  found  in  the  rock  at  301 
feet.  Water  rises  to  the  surface,  but  does  not  flow.  It  is  hard,  con- 
tains a  little  sulphur  and  iron,  and  is  used  for  boiler  purposes.  It  U 
lowered  20  feet  by  pumping. 

•PILOT   KNOB. 

Several  prospect  holes  sunk  by  the  Iron  Mountain  Company  near 
Pilot  Knob  with  a  IJ-inch  diamond  drill,  about  1890,  have  resulted 
m  lowing  wells.  The  first  one  of  these  is  located  half  a  mile  north  of 
*onton,  close  to  the  west  side  of  the  St.  Louis,  Iron  Mountain  and 
Southern  Railway.  It  has  a  fi?eble  flow  of  slightly  chalybeate  water, 
with  a  temperature  of  56°  F.  when  the  air  temperature  is  78**  F. 
Another  well  about  1,000  feet  north  of  this  one  raises  the  water  about 
2  feet  above  the  surface,  whence  it  is  conveyed  to  a  public  watering 
trough.  About  1,000  feet  still  farther  north  is  another  well  that 
raises  the  water  about  4  feet  above  the  ground  and  also  supplies  a 
watering  trough.  The  temperature  of  this  water  is  59°  F.  when  the 
air  temperature  is  7S°  F.  One-half  mile  west  of  the  last-named  well, 
and  just  west  of  the  Old  Fort,  is  another  feebly  flowing  well  of  chaly- 
beate water.  A  quarter  of  a  mile  northeast  of  this  is  the  last  well  of 
the  group.  All  records  of  depth  have  been  lost.  The  rocks  dip  to 
the  west  from  Pilot  Knob. 

JEFFERSON    COUNTY. 


The  town  of  De  Soto  is  situated  in  a  valley  near  the  he^d  of  Joachim 
Creek,  at  an  altitude  of  498  feet.  Its  main  street  runs  parallel  with 
the  St.  Ix)uis,  Iron  Mountain  and  Southern  Railway,  and  a  number 
of  deep  wells  are  simk  along  both  sides  of  this  street.  The  owners, 
location,  and  depths  are  as  follows: 

1,  Jamos  IIopw>n,  No.  1,  I*ratt  and  Sc'cond  8tnH»ti<,  265  feet;  2,  Electric  Light  Com- 
pany, Main  stnH't,  a»>out  200  feet ;  3,  SiuTlcMk's  mill,  East  Second  and  Clement  stieeb. 
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about  200  feet;  4,  Crawford  lumber  yard.  East  Clement  and  East  Third  streetn,  235 
feet;  5,  Hammel  Lumber  Company,  Boyd  and  Second  street*,  310  feet;  6,  John  Hop- 
eon,  Main  and  Plattin  streets,  185  feet;  7,  James  Hopson,  No.  2,  Main  and  Miller  strtM'ts, 
225  feet;  8,  Packing  house.  East  Third  and  Miller  streets,  190  feet;  9,  R.  M.  Booth, 
East  Main  and  Pratt  streets,  200  feet;  10,  S.  W.  Crawford,  Main  and  Easton  streets, 
200  feet;  11,  G.  Hammel,  Main  and  Williams  streets,  300  foet;  12,  John  L.  Rouggly, 
Main  and  Stone  streets,  300  feet;  13,  14,  City  Water  Company,  pump  house,  ,300  feet; 
15,  W.  J.  Manthes,  265  feet;  16,  Commercial  Hotel,  Main  street,  about  200  feet:  17, 
Herman  Hanmiel,  Main  street  between  Clement  and  Mineral  streets,  about  200  feet; 
18,  Dr.  H.  E.  Zom,  Main  and  Mineral  streets,  200  feet;  19,  George  Mann  laundry.  Main 
and  Stewart  streets,  200  feet;  20,  Herman  brickyard,  three-fourths  mile  north  of  city, 
about  200  feet;  21,  Electric-light  plant,  185  fe<»t. 

These  wells  are  nearly  all  6-mch  drill  wells,  generally  cased  with 
4-inch  casing  to  a  depth  of  about  150  feet.  No.  3  has  ceased  to  flow, 
the  water  probably  wasting,  as  the  casing  is  only  80  feet  deep.  No. 
10,  the  Cra^^-ford  well,  and  No.  11,  the  Gus  Hammel  well,  have  both 
ceased  to  flow,  owing  to  the  fact  that  other  wells  seem  to  have  tapped 
their  source.  No.  12,  the  Rouggly  well,  supplied  the  drinkuig  water 
for  the  Louisiana  Purchase  Exposition.  Nos.  13  and  14,  the  City 
Water  Company  wells,  flow  about  70,000  gallons  in  twenty-four 
hours,  and  these,  when  pumped,  cause  a  number  of  other  wells  in 
the  neighborhood  to  stop  flowing.  Nos.  16,  17,  18,  and  19  have  all 
ceased  to  flow. 

James  Hopson  sunk  his  first  well  in  1886,  on  the  comer  of  Pratt 
and  Second  streets,  in  the  endeavor  to  find  soft  water  for  the  boiler 
at  his  mill.  The  first  flow  was  obtained  at  a  depth  of  100  feet;  the 
second,  which  raised  the  water  17  feet  above  tlie  surface,  was  reached 
at  a  depth  of  225  feet.  The  temperature  was  58°  F.  when  the  air 
temperature  was  83°  F.  This  well  and  mill  are  now  o^\^led  by 
Henry  Lupp. 

One  well  was  sunk  on  a  hill  97  feet  above  Main  street  to  a  depth  of 
328  feet.  Water  rose  within  about  80  feet  of  the  surface,  a  level 
corresponding  to  that  of  the  flowing  wells  which  are  situated  at  a 
lower  point.  The  third  well  sunk  in  the  city  was  the  packing-house 
well.  The  surface  at  this  point  is  about  10  feet  below  the  general 
level  of  the  town.  A  strong  flow  was  struck  at  115  feet,  with  a  sec- 
ond flow  at  190  feet.  These  two  flows  are  separated  l)y  two  pipes. 
The  first  comes  from  a  sandstone,  probably  the  Roubidoux,  and  the 
second  from  the  Gasconade  limestone.  The  surface  formation  is  the  , 
Jefferson  City  limestone. 

The  flow  of  all  the  wells  in  this  vicinity,  included  in  a  valley  about 
a  mile  long  and  half  a  mile  wide,  is  affected,  in  one  way  or  another,  by 
various  causes.  For  example,  the  John  Hopson  well,  No.  6,  situated 
about  1,200  feet  northwest  of  the  waten\'orks  wells,  stops  flowing 
when  the  latter  are  being  pumped.  As  soon  as  the  pumping  is  dis- 
continued the  Hopson  well  flows  again  at  an  abnormally  rapid  rate. 
When  the  Crawford  well,  No.  10,  was  sunk,  it  had  a  good  flow,  but 
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when  the  Giis  Hammel  well,  No.  11,  was  put  down,  the  Crawford 
well  stopj>ed  flowing  until  the  Hammel  well  was  shut  off,  the  latter 
being  12  feet  higher  than  its  neighbor.  The  wells  in  the  southern 
part  of  the  town  have  the  strongest  flow,  and  since  so  many  have 
been  sunk  in  this  vicinity  most  of  those  to  the  north  have  ceased 
flowing. 

The  regional  dip  of  the  rocks  in  this  district,  from  Bismarck  to 
De  Soto,  is  from  the  St.  Francis  Mountains  to  the  northeast.  This 
fact,  together  with  the  pecuHar  phenomena  connected  wdth  the  flow- 
ing of  the  wells,  seems  to  indicate  that  the  catchment  basin  for  tliis 
De  Soto  group  is  in  the  St.  Francis  Mountains. 

One  mile  up  Joachim  Creek  from  De  Soto  is  a  large  spring  which 
comes  to  the  surface  with  a  strong  flow,  bringing  with  it  fine  white 
sand,  and  it  is  probable  that  this  spring  is  one  of  the  natural  outlets 
of  the  artesian  pressure  from  the  Roubidoux  sandstone. 

All  the  wells  in  the  De  Soto  basin  show  signs  of  decreasing  pressure. 
This  is  imdoubtedly  because  of  the  escape  of  waters  through  crevices 
in  the  rocks,  due  to  bad  casing,  and  because  so  many  wells  have  been 
sunk  within  the  limits  of  so  small  an  area.  The  exi>ense  of  drilling 
in  this  region  varies  from  $1.50  to  $2  per  foot;  generally  about  $1 
for  the  first  100  feet,  $1.50  for  the  next  100,  and  $2  for  the  third  100 
feet.  The  water  is  clear,  cool,  and  pure,  containing  a  little  iron. 
The  temperature  varies  from  56°  to  57°  F.  That  of  the  waterv^orks 
well  is  56°  F,  when  the  air  temperature  is  80°  F.  The  city  is  replac- 
ing the  old  waterworks  plant  with  one  more  modem,  to  supply  which 
two  wells  a  few  feet  apart,  both  witli  a  10-inch  bore,  have  been  sunk. 
A  pump  liouse  has  been  erected  and  a  pump  is  being  placed  for  the 
purpose  of  raising  the  water  to  a  reservoir  that  is  being  built  on  a 
hill  220  feet  above  the  city.  This  will  provide  De  Soto  \^4th  one  of 
the  best  and  purest  water  supplies  in  the  State.  No  analysis  of  these 
waters  has  over  been  made. 

It  is  stated  that  at  Hematite,  8  miles  north  of  De  Soto,  a  prospect 
hole  drilled  to  a  depth  of  300  feet  struck  flowing  water. 

MADISON    COUNTY. 

FREDERICKTOWN. 

On  the  farm  of  Mrs.  Emma  Copeland,  in  the  NW.  J  sec.  2,  T.  33, 
K.  7,  near  Mine  La  Motte,  is  a  diamond-drill  well  sunk  about  1900 
to  a  depth  of  300  feet.  The  water  flows  feebly  about  3  feet  above 
the  surface.     It  is  clear  and  cold,  and  is  used  for  stock  purposes. 

F'our  wells  were  bored  on  the  Sheldon  estate,  in  sec.  25,  T.  34, 
R.  7,  to  a  depth  of  about  300  feet  each,  by  Mr.  H.  R.  Amlin^,  of 
FredericktowTi.  They  all  had  a  strong  flow,  but  when  the  casing 
was  pulled  out  they  filled  up  and  stopped  flowing. 
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On  the  ^*^rm  of  F.  M.  Griffin,  in  the  NW.  I  sec.  14,  T.  33,  R.  7,  a 
well  was  bored  in  March,  1905,  to  a  depth  of  304  feet.  Water  risers 
5  feet  above  the  surface.  It  is  dear  and  cold,  and  is  used  for  istock 
purposes. 

In  the  NW.  \  of  sec.  16,  T.  33,  R.  7,  a  well  was  sunk  by  the  North 
American  Mining  Company  to  a  depth  of  300  feet.  It  has  a  feeble 
flow. 

All  the  wells  at  Fredericktown  are  situated  on  the  west  side  of  a 
dividing  ridge  of  the  St.  Francis  Mountains,  and  the  rocks  dip  to 
the  southwest. 

PERRY    COUNTY. 

PERRYVILLE. 

The  Perryville  Ice  Company  completed  a  well  to  a  depih  of  386 
feet,  with  a  6-inch  bore,  cased  to  the  bottom.  This  is  located  a  cfuar- 
ter  of  a  mile  east  of  Perryville.  Water  was  obtained  in  an  opening 
at  a  depth  of  60  feet,  probably  an  underground  stream.  Pumping 
does  not  change  the  level.  The  water  is  soft,  and  is  used  for  boiler 
purposes  and  in  making  ice.  Rock  was  struck  at  a  depth  of  14  feet, 
and  with  the  exception  of  the  crevice  opening  at  60  fe^t,  solid  lime- 
stone continued  to  a  depth  of  300  feet. 

ST.    FRANCOIS    COUNTY. 

BISMARrK. 

Bismarck  is  situated  in  a  basin  with  outcroppings  of  porphyry  on 
the  west,  south,  and  east.  Several  flowing  wells  are  located  in  or 
near  the  town.  The  catchment  basin  for  the  group  is  in  the  por- 
phyry hills  to  the  west  and  south. 

One  of  the  Tullock  wells  is  situated  in  sec.  16,  T.  35,  R.  4.  It  is  313 
feet  deep  and  flows  about  3  gallons  per  minute.  It  was  drilled  by 
Ben  Hoskins,  of  Central,  in  1901,  and  is  120  feet  below  the  railway 
station  at  Bismarck,  according  to  the  barometer.  The  water  is  clear, 
fairly  soft,  and  has  a  temperature  of  56°  F.,  the  air  temperature  being 
75°  F.  This  is  a  diamond-drill  well,  with,  a  1 J -inch  bore,  and  was 
drilled  by  the  Iron  Mountain  Company.  It  goes  20  feet  into  granite. 
Mr.  Tullock's  second  well  was  sunk  in  1891,  by  the  same  company, 
in  sec.  17,  T.  35,  R.  4,  to  a  depth  of  240  feet.  It  is  15  feet  higher  than 
the  first  well,  according  to  the  barometer.  The  casing  was  drawn 
out  of  this  well,  and  the  water  wastes  away  at  the  surface.  The  rocks 
in  both  cases  dip  to  the  west,  away  from  the  porphyry-  hills.  Neither 
the  logs  nor  the  analyses  of  these  wells  have  been  preserved.  They 
probably  obtain  water  from  the  Bonneterre  limestone. 

The  Stephen  Fine  well  is  situated  1 J  miles  west  and  a  little  north 
of  Bismarck  in  a  Uttle  valley  close  to  a  small  branch,  about  115  feel 
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below  the  town  by  barometric  measurement.  It  is  about  180  feet 
deep,  and  has  the  strongest  flow  of  any  in  the  group,  raising  the  water 
about  12  feet  above  the  surface.  .  The  water  is  clear,  pure,  and  cold, 
ha\nng  a  temperature  of  56°  F.,  when  the  air  temperature  is  80®  F. 
This  well,  Uke  the  two  preceding,  probably  obtains  water  from  the 
Bonneterre  limestone.  The  rocks  dip  to  the  west.  About  150  feet 
distan.  from  this  well  is  another  which  flows  feebly  in  wet  weather. 

The  John  Xeujus  wells  are  situated  in  the  NE.  }  lot  2,  sec.  5,  T.  35, 
R.  4.  They  were  drilled  in  1894  and  1901  with  a  l}-inch  diamond 
drill.  Barometrically,  they  are  at  the  same  altitude  as  the  town  of 
Bismarck.  They  are  about  250  feet  deep,  cased  a  few  feet  to  rock, 
and  have  a  feeble  flow  reaching  only  about  4  feet  above  the  surface. 
The  water  commenced  to  flow  at  a  depth  of  90  feet.  It  is  clear,  pure, 
soft,  and  cold,  with  a  temperature  of  57°  F.,  the  air  temperature  being 
80°  F.  The  wells  are  sunk  within  a  few  feet  of  each  other  in  a  little 
swamp.  Mr.  Neujus  stated  that  there  are  thirteen  small  springs 
within  a  radius  of  13  feet  of  the  wells.  He  has  built  a  fish  pond 
which  is  fed  by  these  springs.  Several  other  drill  holes  were  sunk 
in  the  immediate  vicinity,  at  a  surface  altitude  of  6  to  8  feet  higher 
than  the  wells  just  described.  In  them  water  stands  but  a  few  inches 
from  the  surface.  The  Neujus  wells  are  all  probably  in  the  Elvins 
formation,  and  the  rocks  dip  to  the  north. 

A  diamond-drill  well,  with  a  1  J-inch  bore,  was  sunk  to  a  depth  of 
300  feet  on  the  farm  of  William  Gruner,  one-eighth  of  a  mile  south  of 
the  Neujus  wells.  It  flows  only  a  part  of  the  time,  and  then  but 
feebly. 

It  is  stated  that  two  prospexit  holes  sunk  on  Flat  River,  near  Cen- 
tral, flowed  for  a  time. 

SOUTHEASTERN  SWAMP  DISTRICT. 

GENERAL   ARTESIAN    CX>NDinONS. 

The  most  interesting  artesian  district  in  the  State,  that  of  the  south- 
eastern lowlands,  includes  but  a  portion  of  the  true  swamp  district, 
which  extends  into  the  adjoining  States  of  Illinois,  Kentucky,  Ten- 
nessee, Mississippi,  and  Arkansas.  This  Missouri  portion  embraces 
the  following  counties:  Scott,  Mississippi,  New  Madrid,  Stoddard, 
Butler,  Dunklin,  and  Pemiscot. 

The  only  flowing  wells  in  the  embayment  region  in  Missouri  are 
those  at  Morehouse,  New  Madrid  County,  and  Campbell,  Dunklin 
County,  on  the  north  and  east  side^  of  the  embayment. 

Attention  has  been  briefly  called  to  the  fact  that  the  Missouri  low- 
lands occupy  the  northwest  corner  of  the  great  Mississippi  embay- 
ment. Into  this  cone-shaped  trough  emptier  the  drainage  of  the 
southeastern  flanks  of  the  Ozarks  from  Missouri,  bringing  a  vas 
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quantity  of  water,  not  only  over  the  surface  by  means  of  the  rivers 
and  smaUer  streams,  but  also  through  those  porous  aquifers,  the 
Cambro-Ordovician  sandstones,  cherts,  and  porous  limestones,  which 
have  a  strong  southeasi/erly  dip  into  this  basin.  That  these  rocks  are 
loaded  with  water  is  shown  by  the  inunense  springs  and  underground 
streams  that  everywhere  abound  in  this  region.  In  fact,  some  of 
the  largest  springs  in  the  world  are  found  in  close  proximity  to  this 
district.  From  the  north  comes  the  drainage  from  ihe  southern 
flaiiks  of  the  St.  Francis  Mountains  and  southern  Illinois,  the  volume 
of  which  is  indicated  by  the  interesting  phenomena  discussed  in  the 
consideration  of  the  well  at  Benton,  Scott  County  (p.  179).  From  the 
east  is  received  the  drainage  from  the  plateau  of  western  Kentucky 
and  Tennessee,  the  rocks  all  dipping  strongly  westward  from  the 
central  catchment  basin  of  these  two  States. 

This  embayment  region,  which  was  largely  eroded  during  later  geo- 
logic time,  has  been  gradually  filled  from  the  south  by  Cretaceous, 
Tertiary,  and  Quaternary  deposits  consisting,  as  is  shown  by  the  well 
records  of  this  district,  of  alternating  layers  of  incoherent  sands  and 
thick,  tenacious  clays,  formhig  perfect  water  bearers  separated  by 
impervious  beds.  These  well  records  and  cross  sections  also  show 
that  the  beds  not  only  dip  strongly  toward  the  center  of  this  basin 
from  each  side,  but  that  they  thicken  and  dip  strongly  to  the  south. 
Into  these  great  deposits  of  sand  a  vast  volume  of  water  pours  from 
the  west,  north,  and  east,  causing  an  immense  artesian  pressure;  and 
when  it  is  remembered  that  the  alternating  impervious  layers  are  not 
solid  rock,  but  thick  beds  of  flexible,  tenacious  clay,  underlain  by 
water-logged,  incoherent  sands,  it  is  not  difficult  to  understand  why 
this  is  a  district  of  unstable  equilibrium,  subject  to  the  disturbances 
manifested  in  the  frequent  slight  earthquake  shocks  which  have  pro- 
duced numerous  fissures  and  fault  scarps  throughout  the  entire  region. 

Flowing  wells  are  confined  entirely  to  the  outer  margin  of  the 
embayment,  as  at  Cairo  and  Mound  City,  111.;  Hickman,  Ky.;  Dyers- 
burg  and  Memphis,  Tenn.;  and  Campbell,  Morehouse,  and  Grandin, 
Mo.  Numerous  deep  wells  near  the  center  of  the  embayment  do  not 
flow.  This  interior  region  of  nonflowing  wells  is  saturated  with  water 
which  is  constantly  coming  to  the  surface  iii  lakes,  swamps,  and 
streams,  and  which  is  continually  renewed  from  a  deep-seated  source — 
d  living  supply,  supporting  the  finest  game  fish.  The  escape  of  this 
volume  of  water  through  fault  cracks  and  fissures  relieves  the  pre^ure 
below,  and  thus  tends  to  preserve  an  equilibrium  and  at  the  same  time 
creates  conditions  unfavorable  to  the  existence  of  flowing  wells. 

The  logs  given  on  pages  175  and  177  indicate  the  frequent  occurrence 
of  iron,  iron  pyrites,  and  lignite,  which  in  decomposing  produce  in 
the  water  such  impurities  as  iron,  sulphur,  and  small  amounts  of  gas. 
Chemical  analyses  show  that  wate/  takea  frora  wells  near  the  edge  of 
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the  basin  is,  as  a  rule,  purer  than  that  from  those  farther  in,  for  the 
reason  that  the  water  in  the  outer  wells,  being  nearer  its  source,  has  been 
in  contact  with  these  substances  for  a  shorter  time,  and  consequently 
is  less  impregnated  with  impurities  than  the  waters  that  ere  obtained 
farther  from  the  catchment  area. 

BUTLER   (BOUNTY. 
POPLAR   BLUFF. 

At  Poplar  Bluff,  Butler  County,  W.  F.  Alfrey  sunk  a  well  to  a  depth 
of  517  feet.  He  states  that  the  water  rose  within  15  feet  of  the  sur- 
face, and  that  a  12-horsepower  pump  could  not  lower  it  an  inch.  Ho 
further  gives  the  interesting  fact  that  in  1892,  after  an  earthquake 
shock,  the  well  was  nearly  ruined,  there  teing  at  times  hardly  enough 
water  to  run  the  factory.  It  is  to  be  regretted  that  no  log  has  been 
preserved,  either  of  this  or  of  other  wells  at  Poplar  Bluff. 

The  ice  factorj^  has  a  well  about  400  feet  deep,  the  Oil  Well  Supply 
Company  one  about  200  feet,  the  Missouri  Pacific  Railway  one  about 
200  feet,  and  the  Palmer  Company  one  about  250  feet  deep. 

Mr,  W.  S.  Randall,  postmaster  at  Poplar  Bluff,  who  furnished  the 
above  data,  also  stated  that  in  the  bottoms,  at  a  depth  of  less  than 
30  feet,  the  water  is  hard,  impregnated  with  iron,  and  comes  from  a 
black  to  reddish  quicksand.  Below  30  feet  good  water  is  obtained 
from  a  white  quartz  sand.  Most  of  the  sand  in  the  vicinity  lias  well- 
rounded  globular  grains.  In  this  surface  stratum  of  iron-bearing 
sand  are  mounds  of  sand  about  3  feet  high  and  from  10  to  20  feet  in 
diameter,  which  are  termed  *'sand  blows.''  It  is  claimed  that  pipes 
put  down  in  these  sand  blows  give  a  better  quality  of  water — a  sig- 
nificant fact.  This  condition  is  very  general  through  the  Missouri 
portion  of  the  embayment  district,  the  best  water  being  obtained  in 
the  white  sand  beneath  the  reddish  surface  sand.  It  is  the  custom  in 
tliis  region  to  drive  a  galvanized-iron  pipe  with  a  conical  strainer  at 
the  end  down  into  this  white  sand,  from  which  a  good  water  supply 
may  be  pumped. 

IH^NKLIN    COITNTY. 

CAMPBELL. 

At  Campbell,  Dunklin  County,  a  well  is  located  on  the  land  of  the 
Campbell  Lumber  Company.  Depth,  960  feet;  elevation  above  tide, 
about  310  feet;  casing,  4-inch,  to  910  feet;  temperature  of  water, 
72°  F.;  flow,  16  gallons  per  minute;  date  of  completion,  September, 
1902;  drillers,  Johnson  &  Fleming,  Memphis,  Tenn.;  cost,  $3,000. 
The  principal  source  of  water  was  found  at  940  feet  in  sand,  and 
another  water-bearing  liorizon  was  found  at  145  feet.  The  water  is 
somewhat  soft,  though  rather  saline,  and  contains  sulphureted  hydro- 
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gen.     The  following  log  of  this  well  was  furnished  by  Mr.  Wm.  B. 
Johnson,"  of  Memphis,  Tenn. : 

Log  of  well  of  Campbell  Lumber  Company,  Campbell,  Dunklin  County. 


j  ThickneM.     Depth. 


Loess?  (112  feet) : 

Yellow  clay,  a  little  darker  than  that  on  Crowley  a  Ridge 

Lafayette  (43 feet): 

Orange  sand  and  gravel;  the  sand  has  many  white,  loamy  clay  nodules  mixed 

Lagrange  for. nation  (785 feet): 

Very  hard  black  and  brown  clay  or  marl,  with  numerous  very  hard  strata 
from  1  to  23  inches  thick,  composed  largely  of  Iron  pyrites.  At  some  point 
between  700  and  750  feet  a  bed  of  logs  10  or  12  feet  thick  was  penetrated. 
This  clay  differed  fro.n  any  other  bed  struck  In  the  lK>ttom8  in  containing 
no  sand  strata,  and  not  even  a  trace  of  the  *gray  sand"  found  in  other 
wells  was  noted 

Ripley  sands  (20  feet) :  I 

Very  fine  black  sand,  with  a  large  percentage  of  mica  in  small  grains.    Water 
headed  about  7  feet  above  surface  and  Sowed  16  gallons  per  minute*  had  < 
brackish  taste 


Feet. 


112 


Feel. 


786 


20 


940 


The  water  from  this  well  is  used  for  boiler  and  dinnking  purposes. 
It  is  probable  that  the  bottom  of  the  well  is  not  far  from  bed  rock. 
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MOREHOUSE. 


In  Morehouse,  New  Madrid  County,  in  sec.  31,  T.  26,  R.  13,  is  a 
well  owned  by  the  Himmelberger-IIarrison  Lumber  Company. 
Depth,  780  feet;  altitude  above  tide,  about  330  feet;  easing,  10-inch 
pipe  at  top,  6|-inch  casing  at  bottom;  flow,  200  gallons  per  minute; 
date  of  completion,  summer  of  1902.  This  well  was  drilled  through 
the  estuary  dei>osits  to  solid  limestone.  The  pressure  raises  the 
water  18  feet  above  the  surface,  and  no  variation  has  ever  been 
noted.  Though  the  water  is  somewhat  saline,  it  is  used  for  drinking. 
The  accompanying  log  and  some  samples  of  drillings  for  study  were 
furnished  by  Mr.  John  H.  Himmelberger: 

Log  of  well  at  Morehouse,  New  Madrid  County. 


Loess  (30 feet): 

Clay 

l^agrange  (218  feet) : 

OMirsesand 

Gravel 

Gumbo,  or  brown  clay 

Brown  quicksand 

Gumbo 

Cemented  gravel 

Porters  Creek  (Eocene)  (218  feet): 

Gumbo 

Rock 

Gumbo 

Wpley  sands  (Cretaceous)  (^4  feet) : 

Frae  white  sand 

Cambrian  (probably  Gasconade  limestone)  (90  feet) : 

Limestone 

Satidstone 

Limestone,  full  of  crevices  and  badly  broken 


Thickness.     Depth. 


Feet. 


Feet. 


110 
10 
40 
40 
10 
8 

197 
1 

20  I 

224 

J 

15' 

35  i 


30 

140 
150 
190 
230 
240 
248 

445 
446 
466 

690 

730 
745 
780 


"The  writer  is  indebted  to  Mr.  Johnson  for  many  favors  and  much  valuable  Information  in  regard  to 
the  wells  of  this  district.  The  work  of  the  geologist  would  be  grently  farilif  ated  if  other  drillers  would 
t*ke  as  much  interest  in  preserving  data  as  has  l)een  shown  by  Mr.  Johnson. 
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The  30  feet  designated  as  probably  loess  and  the  110  feet  of  coarse 
sand  included  in  the  Lagrange  fonnation  are  doubtfully  so  placed. 
The  90  feet  t)f  limestone  and  sandstone  penetrated  at  the  bottom  is 
a  light-gray,  highly  siliceous,  shaly  rock,  probably  the  Gasconade 
limestone.  This  well  record  is  a  particularly  valuable  one,  as  it  gives 
the  thickness  of  the  estuary  defK)sits  at  this  point. 

Morehouse  is  situated  in  what  was  probably  one  of  the  early  chan- 
nels of  Mississippi  River,  and  the  140  feet  of  sand  and  clay  at  the 
surface  may  have  had  its  origin  as  a  river  deposit.  Mr.  Himmel- 
berger,  in  a  personal  letter,  states  that  in  going  through  the  whit^ 
sand  above  the  limestone,  fragments  of  charred  and  decayed  wood 
were  brought  to  the  surface.  He  furnishes  an  analysis  of  the  water 
of  this  well,  made  at  the  Missouri  State  University. 

Analysis  of  water  from  well  at  Morehouse  y  New  Madrid  County. °^ 


Parts  per  million. 

SilicaCSiOa) •. 12 

Calrium  (('a) 208 

Magnesium  (Mg) 55 

Smlium  (Na) 649 


Parts  per  millioD- 

Sulphate  radicle  (SO^) 123 

Chlorine  (CI) 1,437 


2,4W 


The  following  log  of  this  well,  furnished  by  Mr.  Otto  Kochtitzky, 
of  Cape  Girardeau,  varies  slightly  from  that  given  by  Mr.  Himmel- 
berger: 

Ijyg  of  well  at  Morehouse^  New  Madrid  County. 


Sand  and  fine  gravel 

Coarse  sand 

Sand 

Black  soapy  clay 

Darlc-]>lue  clay 

Blue  clay  and  sand 

Sand  and  clay 

Sand  and  blue  clay 

Blue  clay,  except  i  foot  of  shale 

Sand,  except  about  2  feet  of  gravel  on  Irnestone  l>ed. 
1-lniestone 


Thickness. 

DepCh. 

Feet. 

Feet. 

66l 

Gb 

40 

106 

35| 

Nl 

9' 

150 

22 

172 

65  , 

25: 

20 

2sr 

22' 

279 

148  1 

c 

268' 

fipb 

90 

7» 

NKW    MADRID. 


A  well  was  sunk  at  New  Madrid  by  the  Mississippi  River  Coramis- 
sioo  in  1881.  About  20  borings  were  made  in  the  vicinity,  two  of 
which  extended  to  a  depth  of  over  200  fe^t,  but  none  of  them  resulted 
in  flowing  wells.  Mr.  Henry  Moss,  who  was  a  member  of  the  Com- 
mission, stated  that  a  great  many  wells  were  sunk  all  along  the  river 
from  Listers  Island,  20  miles  north  of  New  Madrid,  to  Fort  Pillow, 

a  Expressed  in  grains  per  gallon  an<l   hypothetical  combinations;  rocomputed  to  ionic  form  and 
parts  per  luillion  at  the  United  States  (Jeological  Survey. 
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near  Osceola,  90  miles  south  of  New  Madrid.  Most  of  these  were 
about  200  feet  deep,  and  none  of  them  less  than  125  feet.  Whenever 
these  drill  holes  penetrated  through  the  clay  layer  into  the  deep  sand, 
water  and  sand  would  shoot  up  to  a  height  of  30  or  40  feet  in  the 
pipe,  the  sand  clogging  the  pipe  in  the  bottom.  The  following  is 
the  log  of  well  No.  9,"  at  New  Madrid,  which  was  begun  about  12 
feet  above  high-water  mark: 

Ijog  of  well  mw  New  Madrid,  New  Madrid  County. 


AUnvium  and  po85ibly  some  Lafayetto  (W.3  feet) : 

Sand,  gray  above  and  light  brown  and  more  clayey  below 

riay,  blue  above  and  sandy  below 

Sand,  dark  gray,  containing  particles  of  li^ite  and  layers  of  blue  clay 

Gravel,  with  some  sand  and  lumps  of  lignite  and  decayed  wood 

Ugrange  (149.7  feet) : 

Clay,  blue,  containing  wood  showing  liber 

Sand  and  gravel 

Sand,  thin  layers  of  clay,  interstratifled  with  some  gravel 

Clay 

Sand,  yellowish  and  reddish,  interstratifled  with  thin  layers  of  yellowish 
and  grayish  pebbly  clays 

Clay,  brown 

Sand,  gray 

Clay,  gray,  with  thin  layers  of  fragments  of  llpnlto 

Sand,  gray,  with  few  thm  layers  of  gray  clay 


Thickness. 

1 

Depth. 

Feft. 

Feft. 

4 

4 

M.G  \ 

.^'•..6 

9.4 

45 

19.3 

64.3 

5      1 

09.3 

17.3 

86.6 

24.3 

110.9 

30.3 

131 

40.2  ' 

171.2 

10.  H  1 

182 

17.6  ' 

199.6 

1.4  1 

201 

13      1 

211 

Another  well  sunk  to  a  depth  of  207  feet  had  a  similar  section.     A 
strong  body  of  water  was  found  in  the  lowest  gravel,  below  192  feet. 


PEMISCOT  COtTNTY. 

CARHTHERSVTLLR. 


The  city  waterworks  well  at  Caruthersville,  Pemiscot  Coimty,  is 
located  in  sec.  13,  T.  18,  R.  12;  depth,  428  feet;  altitude  above  tide, 
280  feet;  casing,  5-inch  to  bottom;  temperature  of  water,  60°  F. ;  date 
of  completion,  March,  1903;  drillers,  Johnson  &  Fleming,  Memphis, 
Tenn.;  cost,  with  pumping  machinery,  $2,500.  Water  was  struck  at 
25  feet,  but  the  principal  supply  was  found  at  268  feet,  from  which  the 
water  rose  within  10  feet  of  the  surface.  It  is  pumped  into  a  stand- 
pipe  100  feet  high  by  two  Gardner  pumps  and  distributed  by  4  J  miles 
of  4,  6,  and  8  inch  mains.  The  pressure  is  75  poimds,  which  may  be 
increased  to  120  poimds  for  fire  purposes.  A  daily  consumption  of 
500,000  gallons  does  not  affect  the  supply.  The  water  contains  a  large 
amoimt  of  iron  and  is  obje43tionable  to  some  on  account  of  the  yellow 
precipitate.  The  mouth  of  the  well  is  25  feet  above  Mississippi  River, 
just  north  of  the  city,  and  the  water  level  is  influenced  by  the  rise  and 
fall  of  the  river,  although  it  is  normally  higher  than  the  river  level. 

<»Miss.  River  Comm.  Kept,  of  Progress,  1S81,  p.  180. 
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Two  analyses  of  the  water  from  this  well  have  been  made.  The  one 
here  given  was  furnished  by  Doctor  Byers,  mayor  of  the  city,  who 
has  also  supplied  other  valuable  data  in  regard  to  this  region: 

Sanitary  anoLygU  of  CantihersviUe  city  water. 
[Analyst,  Dr.  R.  B.  H.  Gradwohl,  St.  Ix>ui«.] 

Parts  per  millkm. 


Parts  per  million. 

Nitrogen  as  freo  ammonia 0. 06 

Nitn)g(»n  as  albuminoid  ammonia. .     .  082 
Nitrogen  as  nitrites 0 


Oxygen  consumed 2. 5 

Chlorine 6 

Alkalinity 100 


Nitn)gen  as  nitrates 22     ]  Total  solids 120 

The  test  for  inm  shows  but  a  inu'o — about  3  parts  per  million.  This  represent*  a 
fairly  good  drinking  water. 

The  amount  of  iron  given  in  this  analysis  is  manifestly  incorrect. 
The  water  probably  stood  for  some  time,  which  allowed  the  iron  to 
precipitate.  Doctor  Byers  states  that  another  analysis,  now  lost, 
gave  over  34  parts  of  iron  per  million. 

A  well  at  the  oil  mill  in  Caruthersville,  385  feet  deep,  furnishes  water 
that  is  apparently  of  the  same  character  as  that  from  the  preceding 
well  and  is  used  for  steam  piUT>oses. 

The  ice-factory  well  was  first  sunk  to  the  depth  of  715  feet.  The 
Ciising  was  afterwards  pulled  up  and  a  strainer  put  on  at  416  feet, 
much  better  water  being  obtained.  The  log  of  the  well  given  below 
is  furnished  by  Mr.  W.  B.  Johnson,  who  states  that  the  formations  in 
all  the  Caruthersville  wells  are  uniform: 

TA)g  of  ice-factory  well,  Caruthersville j  Pemiscot  County. 

Thickn<»sR. '   Depth. 

Frrt.       ,  Feet 

Black  sandy  loam,  shading  to  snnd 10  '»9 

Sand  and  gravel,  practically  same  as  river  sand  (gravel  mostly  large) !              IM  1^ 

Very  hard  blue  clay '. |                32  j  3^ 

Very  soft  blue  clay,  mixed  with  sand 175  ^ 

C, ray  sand,  mixed  wltli  lignite I              33S  "15 


Mr.  Johnson  st.ttes  that  drilling  was  stopped  in  this  gray  sand  at  71o 
feet,  and  that  as  no  change  was  found  the  pipe  was  pulled  back  and 
the  strainer  put  on  at  416  feet.  The  well  yields  400  gallons  per  minute 
by  pumping. 

RIPLEY   COUNTY. 


A  deep  well  is  reported  near  Naylor,  Ripley  County,  in  sec.  33,  T.  22. 
R.  4  H,  on  the  property  of  the  Doniphan  Lumber  Company.  This 
was  sunk  to  a  depth  of  990  feet.  The  log  was  not  preserved.  An 
abundance  of  water  was  found  all  the  way  down,  and  all  efforts  to 
case  it  off  proved  futile.  The  well  was  drilled  for  gas.  When  it  was 
abandoned  the  water  stood  at  the  surface. 
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SCOTT    COUNTY. 
BENTON. 


In  the  northeast  comer  of  the  public  square  in  Benton,  in  sec.  13, 
T.  28,  R.  13  E.,  is  a  well  owned  by  the  county.  Depth,  1,500  feet; 
altitude  above  tide,  470  feet;  casing,  6-inch,  to  160  feet ;  temperature 
of  water,  60"^  F.;  of  air,  80°  F.;  date  of  completion,  December,  1904; 
driller,  Charles  S.  Wise,  St.  Louis;  cost,  with  pumping  machinery, 
$10,000.  This  well  was  put  down  by  the  county  court  in  order  to 
provide  water  for  the  court-house  and  jail.  Benton  is  situated 
more  thab  100  feet  above  the  level  of  the  swamp  country- — an  isolated 
elevation  that  was  formerly  joined  to  Crowley s  Ridge.  The  prin- 
cipal supply  of  water  was  found  between  1,200  and  1,500  feet.  One 
of  the  very  interesting  peculiarities  of  this  well  is  the  fact  that  though 
drilling  was  very  hard  between  the  limits  just  mentioned,  not  more 
than  a  quart  of  the  cuttings  could  be  secured.  The  water  supply 
seems  to  come  from  crevices  in  the  rock,  and  the  last  cuttings  obtained 
were  from  a  depth  of  1,440  feet,  though  the  well  is  1,500  feet  deep. 
Evidently  a  very  large  body  of  wat^r  flowing  through  these  crevices 
carried  off  the  drillings.  This  strong  flow  is  from  the  north  toward 
the  artesian  basin,  as  is  shown  by  the  dip  of  the  rocks  in  the  sur- 
rounding region — asignificant  fact,  that  is  again  referred  toon  page  173. 
Other  water-bearing  beds  were  found  at  depths  of  150,  180,  480,  and 
600  feet.  The  water  stands  in  the  well  at  about  120  feet  from  the 
surface,  and  a  4-inch  pump,  worked  continuously  for  three  days,  did 
not  affect  the  level. 

The  writer  is  indebted  to  Mr.  Albert  De  Reign,  water  commissioner 
of  Scott  County,  for  a  carefully  kept  record  of  this  well,  for  samples 
of  drillings,  and  for  much  information  resulting  from  his  close  obser- 
vation of  artesian  conditions  in  this  locality.  With  reference  to  the 
height  of  the  water  in  this  well,  he  states  that  the  tubing,  with  a  rub- 
ber packer,  was  first  inserted  at  600  feet.  It  was  then  raised  and  a 
test  made  at  every  joint,  i.  e.,  every  20  feet,  resulting  in  no  perceptible 
difference  in  the  height  of  the  water.  Then  1,460  feet  of  2-inch 
tubing  was  inserted  in  the  same  way.  At  this  depth  the  packer  was 
sprung  and  all  water  from  above  satisfactorily  cut  off.  After  about 
thirty  minutes  a  test  was  made  with  a  plumb  line  and  the  height  of 
the  water  carefully  measured,  both  in  the  interior  of  the  2-inch  tubing 
and  on  the  outside.  This  test  showed  that  the  water  had  risen  10 
feet.  Similar  tests  were  then  made  as  the  tubing  was  raised  at  inter- 
vals of  20  feet.  At  no  joint,  however,  did  the  water  rise  higher  than 
at  the  1,460-foot  level.  The  present  depth  of  water  from  the  surface 
is  the  same  as  when  the  first  test  was  made,  viz,  120  feet.  It  was 
very  difficult  to  control  the  water  above  1,460  feet,  from  the  fact  that 
there  were  several  perpendicular  and  diagonal  crevices,  as  well  as 
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cavities,  leaving  no  smooth  waU  against  which  the  packer  at  the  end 
of  the  tube  could  find  lodgment  to  completely  shut  off  other  water. 

From  samples  of  drillings  that  were  carefully  preserved  by  Mr. 
De  Reign  and  sent  to  the  writer,  the  following  log  of  the  well  is  given. 
It  is  noticeable  that  no  sandstone  occurs  below  475  feet,  which 
makes  it  very  difficult  to  correlate  the  section.  It  is  very  probable, 
however,  that  sandstone  beds  may  have  occurred,  the  drillings  from 
which  were  washed  away  in  the  last  300  feet,  as  already  suggested. 

Log  of  well  at  Benton,  Scott  County. 

Thickness.     Htpth. 


Tert lary  ( 158  feet ) :                                                                                                                    fVrt.  FetL 

Clay,  vellow , S 

Gravei,  hard 10  65 

Iron  ore,  yellow  bowlders,  soft 30  » 

Quicksand 36  131 

Lithographic  stone,  brown,  medium 9  1* 

Quicksand  and  raetamorphic  sandstone 18  ■  l> 

"  Richmond  "  and  Kimmswlck  ?  (272  feet  i : 

Limestone,  gray,  mediimi '  22  ISO 

Limestone,  brown,  medium;  strong  odors  of  gas SO  230 

Limestone,  brown-buff,  medium,  with  sand 200  flO 

St.  I'eter  sandstone  (45 feet):  | 

iSandstone,  yellow,  medium 8  W 

Sandstone,  gray,  medium 9  4C 

Sandstone,  yellow,  medium  coarse 28  I  1^5 

Jefferson  City  limestone  (225  feel):                                                                     '            |  I 

Limestone,  blue,  medium 95  S7P 

Trenton  limestone,  brown,  ineduiru;  gas  odor 30  60fi 

Limestone,  blue,  medium 30  630 

•Oypsum"  (caldte?),  white,  soft;  here200gallon3of  water  per  minute  rose 

within  100  feet  of  top 20  MO 

Limestone,  gray,  hard '  5  665 

Shale,  black,  medium i  45  ^ 

Roubidoux  and  (lasconade  (540  feot ) : 

Liiiipstone,  blue,  gray,  medin;  i 135  ST- 

Liiiiest  one.  gray .  nard 195  \A^ 

Limestone,  blue,  gray,  hard 60  Ift^* 

Limestone,  gray  .nard 82  1. 1*2 

Limestone,  bine.  gray,  hard 8  l.i* 

Limestone,  blue,  hard 20  1.^' 

Limestone,  buff,  gray,  hard i  40  1.2** 

Upper  Klvins  or  lower  GaFconado  (200  feet ) : 

Dolomite,  brown,  hard 80  l-CO 

Dolomite,  grav,  hard <  30  1-3SD 

Dolomite,  burf.  hard i  15  1,3'u 

Dolomite,  brown,  hard '  5  "  1.3^ 

Dolomite,  gray,  hanl 50  \& 

Dolomite,  brown,  grav.  hard 20  1,<* 

Elvliv;  (iV)  feel):  | 

Dolo.'uito,  black,  hard 60  l.SOP 


The  last  record  was  taken  at  about  1,440  feet,  no  drill  cuttings 
being  obtainable  during  the  remaining  60  feet,  although  the  drilling 
was  hard. 

A  sample  of  the  water  from  the  Benton  well  was  sent  to  Prof.  Har- 
rison Hale,  of  Drury  College,  who  made  a  partial  analysis,  which  is 
given  below.  The  water  was  taken  from  the  well  after  continuous 
pumping  for  three  weeks. 
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Partial  analysis  of  water  Jrom  well  at  Benton,  Scott  County.  <» 

Parts  per  million.  Parts  per  nitlllon. 

Calcium  (Ca)  b 77  i  Sulphate  radicle  (SO^) 0 

Sodium  (Na) 22  '  

Carbonate  radicle  (CO,) 144  274 

Chlorine  (CI) 31  .  Temporar>'  hardness 260 

Iron  (Fe) 0     Permanent  hardness 0 

WELLS    OITTSIDE    OF    MISSOURI. 


CAIRO,  ILL. 


Several  flowing  wells  have  been  sunk  in  the  city  of  Cairo  and  imme- 
diate vicinity.  The  writer  is  indebted  to  Mr.  Otto  Kochtitzky  for 
tho  following  record  of  the  well  at  the  Ilalliday  Hotel : 

Log  of  flowing  well  at  Halliday  Hotel,  Cairo,  III. 


AUaviam  (109  feet): 

SatMl  and  clay 

River  sand 

LagransB  (237  feet): 

Sand  and  gravel 

White  sand 

Kaolin:  first  artesian  water  at  ttJS  fo<'t 

Gravel  and  sand,  mixed  with  Iron 

Porters  Cre«k  (187  feet): 

Yellow  clay 

Kaolin 

Shale 

Ripiey  sands  (45  feet): 

Sand  and  c*ment  gravel 

Mississippian  (27ti  feet): 

Fhnt  rock 

Sand  and  cement  gravrl 

Flint  rock , 

Sand  and  gravel 

Gray  lime  rock;  second  artesian  water  at  7t)'2  foct. 


hickness. 

Depth. 

Feet. 

Fret. 

no 

50 

oO 

100 

10 

119 

176 

295 

0  , 

:m 

4o 

346 

5 

:«i 

27 

378 

I.>5 

533 

45 

578 

10 

rA)7 

13 

(>10 

50 

tifiO 

20 

680 

174 

854 

HICKMAN,   KY. 

At  Hickman,  Ky.,  is  a  well  917  feet  deep,  owned  by  H.  A.  Tyler. 
It  is  130  feet  above  the  railroad  and  133  feet  above  the  high-watermark 
on  the  Mississippi  River  gage.  The  following  record  was  furnished 
and  the  correlations  made  by  Prof.  L.  C.  Glenn,  of  Nashville,  Teim. : 

Log  of  Tyler  well,  Hickman,  Ky. 


Loejw  (80  feet): 

Yellow  clay 

Lafavette  (10  feet): 

Soft  sand 

Lagrange  (627  fe^t): 

Soft  blue  clay  . . . 

Very  fine  sand... 

Toujgrh  bhie  clay . 

Sand    


Thicknoss. 

IVpth. 

Frft. 
NO 

Ff  "t. 

so 

10 

w 

460 

(-> 

144 

17 

7()0 
717 

o  Expressed  by  analyst  in  grains  per  gallon  and  hypothctkal  coinl'lnations;  nHoniputtui  to  ionic 
form  and  parts  per  million  at  rnjtcd  State  ;  (;«  ologiral  Survey. 
ftCOa  given  equals  102,  calculated  as  all  CaCOa. 
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The  section  of  a  near-by  hole,  which  is  850  feet  deep,  shows  that 
the  lowest  sands  mentioned  in  the  above  log  extend  to  a  depth  of  at 
least  830  feet. 

DTERSBURG,  TENN. 

Messrs.  Johnson  &  Fleming  report  the  following  section  at  Dyers- 
burg,  Tenn. : 

Log  of  well  at  iJyersburg^  Tenn. 


Thickness.  I  Depth. 


Feft.  Feet. 

42  e 


Lafayntte  (OOfeet): 

(  onKloinerate,  mostly  wash  from  the  hillside _ 

Sana  and  gravel I  48  « 

Lajfrange  (538  feet): 

Very  hard  blue  and  brown  tlay 430  530 

White  day,  very  sticky  and  hard  to  penetrate i  80  600 

Coarse  white  sand,  considerably  lighter  in  color  than  the  Memphis  sand,  but 
similar  to  that  in  having  small  particles  of  lignite  in  it 28  e^i- 

The  elevation  of  the  well  mouth  is  1  foot  above  high  water  in 
Mississippi  River,  1897.  The  water  rose  to  a  height  of  12  feet  above 
the  surface  and  flowed  102  gallons  per  minute  at  the  surface.  It 
was  analyzed  by  Dr.  Felix  Paquin,  city  chemist,  Memphis,  and 
pronounced  very  good  and  practically  the  same  as  the  Memphis 
water,  though  to  the  writer  it  seemed  to  contain  more  iron. 

JONESBORO,  ARK. 

Deep  wells  have  been  reported  at  Jonesboro,  Ark.,  where  it  is 
said  that  rock  was  struck  at  ci  depth  of  1,200  feet,  which  gives  the 
depth  of  the  emba>aiient  deposit.  It  is  imfortunate  that  the  logs 
were  not  preserved. 

MARKED  TREE,  ARK. 

At  Marked  Tree,  Ark.,  is  a  well  owned  by  the  Cliicago  Mill  and  Lum- 
ber Company,  of  Blythcville,  Ark.  The  following  record  is  furnished 
by  Mr.  W.  B.  Johnson: 

Log  of  well  at  Marked  Tree,  Ad\ 


ThicknesR.     Depth- 


Alluvium  and  Lafayette  (?)  (220  foot):  Feet.            Ftfl 

"  Buckshot,  "  shading  to  sand '  27                27 

Orange  sand  and  gravel j  193              230 

Lagrange  formatim  (clay,  14l>  feet):  '  I 

Soft  white  clay 12  ,         32 

Vry  hard  blue  (lay |  63  '        ^ 

Soft,  sandy  blue  clay  with  thin  streaks  of  sand 71               ** 

Lagrange  formation  (sand,  32  feet): 

Gray  sand,  same  as  at  Memph  s i  32+           3P^* 
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This  is  one  of  three  wells  made  by  Mr.  Johnson  at  this  point,  all  of 
which  had  similar  logs.  When  the  gray  sand  was  struck,  water  rose 
within  3  feet  of  the  surface.  Three  gallons  per  minute  were  pumped 
on  a  test,  this  being  the  full  capacity  of  the  pump.  The  water  has 
been  analyzed  as  follows,  and  reported  excellent,  with  about  the  same 
amount  of  iron  as  the  Memphis  water. 

Analysts  of  water  from  vrll  at  Marked  Tree,  Ark.f^ 

[Analyst,  Felix  Paquin.] 

Parts  per  million.  Parts  per  million. 

SilicafSiOj) 2.4    |  Sulphate  radicle  (SOJ 4.7 

(alcium(Ca) 9.4  ('hlorine  ((1) 5.3 

Magnesium  (Mg) 89  i  — 

ScxliuinrXa) 3.5    j  39.19 

CarbonaU*  radicle  (CO,) 13 

MEMPHIS,  TENN. 

At  Memphis,  Tenn.,  there  are  141  artesian  wells,  most  of  them  flow- 
ing, mainly  connected  with  the  city  waterworks  system,  which  is  one 
of  the  best  in  the  country.  The  following  condensed  information  and 
log,  as  well  as  samples  of  drillings,  were  furnished  by  Messrs.  Lanhan 
and  Davis,  engineers  at  the  waterworks.  Both  the  engineers  state 
that  in  these  wells  there  is  a  continuous  flow  of  fine  sand,  brought  to 
the  surface  by  artesian  pressure,  from  depths  ranging  from  4.50  to  600 
feet.  A  brass  strainer,  with  openings  one  one  hundred  and  fiftieth  of 
an  inch  in  width,  is  placed  in  the  bottom  of  each  well,  and  these  are  so 
rapidly  worn  by  the  sand  that  they  have  to  be  replaced  in  from  three  to 
five  years,  and  every  precaution  has  to  be  taken  to  keep  this  sand 
from  the  valves  and  piston  rods  of  the  pumps.  These  wells  are  tapped 
at  depths  varying  from  40  to  60  feet  and  the  water  conveyed  by  brick 
tunnels  to  a  central  reservoir  at  the  pumping  station.  It  is  necessary 
occasionally  to  clean  the  sand  out  of  these  tunnels.  Recently  one  was 
found  nearly  filled  with  it.  A  variation  of  12  feet  in  the  level  of  the 
water  in  the  wells  has  been  noted  between  the  wet  and  the  dry  seasons. 
The  temperature  of  the  water  varies  from  60°  to  62°  F. 

The  section  given  below  is  the  log  of  the  deep  well  on  Quinby  street, 
Qear  Robinson,  in  which  the  water  rises  within  14  feet  of  the  surface. 

o Expressed  by  analyst  In  hyx)Othetical  ooinbliiations;  nMomputod  lo  ionic  fonn  and  parts  p.-r  mil- 
ion  at  United  States  Geological  Survey. 

IRK  195—07 13 
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Log  of  deep  well  No.  J09  at  MemphUj  Tenn. 


Loess  (45.4  feet): 

Yellow  clay 

Hard  brown  clay 

Slightly  soft  brown  clay 

Lafayette  (18  feet): 

Gravel  and  sand 

Soft  brown  clay  and  sand 

LagraMje  formation  (clay,  213  foot): 

SlLmtly  hard  brown  clay 

Stiff  blue  clay 

Soft  blue  clay 

Stiff  blue  clay 

Soft  brown  clay 

Hard  brown  clay 

Hard  reddish  clay 

Hard  blue  clay 

Soft  blue  clay 

Stiff  blue  clay 

Soft  brown  clay 

Rather  hard  brown  clay 

Stiff  brown  clay 

Hard  brown  clay 

Do 

Rather  hard  blue  clay 

Hard  blue  clay 

Sandy  blue  clay 

Lagrange  formation  (sand,  724  feet): 

Fine  sand  and  clay 

Fine  sand 

Fine  sand  and  lumps  of  clay 

Coarse  sand  and  lumps  of  clay 

Soft  blue  clay 

Sandy  blue  clay 

Fine  sand  and  clay 

Sandy  blue  clay 

Fine  sand 

Sandy  blue  clay 

Fine  sand 

Coarse  sand  and  clay 

Soft  blue  clay 

Fine  day  and  sand 

Very  fine  sand 

Very  fine  sand  and  clay 

Very  fine  sand 

Very  coarse  sand 

Lignite,  iron  pyrites,  and  clay 

Very  ftne  sand  and  lignite 

Soft  white  clav 

Very  fine  sana 

Hard  brown  clay 

Fine  white  sand 

Hard  brown  clay 

Fine  sand 

Porters  Creek  (Cretaceous)  (147.55  feet): 

St  Iff  brown  clay 

Very  hard  substance 

Very  stiff  blue  clay 
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This  well  was  a  failure,  so  far  as  obtaining  a  satisfactor}'  flow  itf 
water  was  concerned,  for  the  reason  that  no  sand  was  found  suflSciently 
coarse  to  be  checked  by  the  strainer.  This  unusual  condition  is  some- 
times encountered.  Water  flows  more  freely  from  coarse  than  tnm 
fine  sand,  and,  furthermore,  coarse  sand  is  less  likely  to  pass  throu^ 
the  strainer  than  the  fine,  which  seriously  injures  the  pumping  appa- 
ratus. 

The  Lagrange  formation  consists  of  intercalated  irregular  alternat- 
ing lenses  of  sand  and  clay,  the  clay  predominating  above  and  the 
sand  below.  As  a  rule  coarse  sand  is  obtained  in  the  Memphis  dis- 
trict at  depths  of  350  to  560  feet.     Generally  the  sand  is  finer  above 
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and  below  this  water-bearing  layer.  The  water  company  is  consid- 
ering the  question  of  sinking  through  the  Porters  Creek  formation, 
which  is  mainly  clay,  into  the  Ripley  below,  which  is  a  water-bearing 
sand.  The  following  is  a  summarized  section  of  the  strata  in  this 
southerr  part  of  the  embayment: 

Strata  in  embayment  region  in  western  Tennessee. 

!  Thickness. 

I 

I       Feet. 
Loess I  15-  27 


Lalayette  novels  , 
Lagrange  formation: 

Clay 

Sand 

Porters  Creek  clay,  with  supposed  thin  strata  of  limestone  at  bottom 

Ripley  sand 

Sehna  clay 

Eutaw  sand 


6-  40. 

150-200 

800 

250 

200-300 

200-360 

250 


The  last  three  members  of  this  section  belong  to  the  Cretaceous. 
The  Lagrange  sands  outcrop  in  the  Tennessee  hills  east  of  Memphis 
and  form  the  catchment  basin  for  the  greater  part  of  this  area.  The 
main  source  of  water  in  this  belt  is  the  bed  near  the  middle  or  base  of 
the  Lagrange  sands.  The  water  here  is  very  pure,  while  farther  west 
and  northwest  it  becomes  less  so,  being  impregnated  with  iron  and, 
in  some  places,  with  sulphur.  At  Jackson,  Miss.,  a  stronger  flow  of 
still  purer  water  was  struck,  which  comes,  it  is  stated,  from  the  Ripley 
sands  below  the  Lagrange.  The  engineers  at  Memphis  are  confident 
that  a  better  quality  and  a  stronger  flow  of  water  are  characteristic  of 
the  Ripley. 

It  is  interesting  to  note  in  the  above  summary  the  alternation  of 
the  impervious  beds  with  the  water  bearers.  The  loess  and  the 
Lagrange,  Porters  Creek,  and  Selma  clays  alternate  with  the  porous 
Lafayette  gravel  and  Lagrange,  Ripley,  and  Eutaw  sands.  It  is 
stated  that  the  water  from  the  Eutaw  is  always  impure.  The  water 
derived  from  these  different  formations  is  purer  in  proportion  to  the 
nearness  of  the  well  to  the  catchment  basin. 

MISSISSIPPI   COUNTY,  ARK. 

The  following  analyses  of  water  from  shallow  driven  wells  in  Missis- 
sippi County,  Ark.,  were  furnished  by  Mr.  W.  B.  Beckman,  manager 
of  the  Chicago  Mill  and  Lumber  Company,  of  Blytheville,  Ark.  They 
are  valuable  in  that  they  show  the  uniform  character  of  the  water 
throughout  this  part  of  the  embayment  region.  The  wells  are  located 
in  sec.  9,  T.  14,  R.  9,  at  the  foot  of  Big  Lake. 
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Analysis  of  water  from  30-foot  well  near  Big  Lake,  Arkansas. a 


Parts  per  million. 

Silica  (SiOs) 40 

Iron  and  alumina  oxides  (FcjOa-l- 

AL1O3) 1.5 

Calcium  (Ca) 12 

Magneeium  (Mg) 3.4 

Sodium  (Na)6 8. 2 

Carbonate  radicle  (CO3) 17      j  Appearance,  good. 

Sulphate  radicle  (SO^) 24      I  Color,  none. 

Chlorine  (CI) 7  |  Odor,  none. 

Loss,  etc 8     Appearance  of  residue,  white;  no  color  on 


Parts  per  milBon 

Free  ammonia 0.04 

Albuminoid  ammonia 06 

Nitrogen  as  nitrates Trace. 

Nitrogen  as  nitrites 0 

Chlorine  as  chlorides 7. 26 

Oxygen  consumed 2 


113.9 


heating. 


This  water  is  considerably  better  than  the  average  for  use  in  a  steam  boiler.  It  will. 
of  course,  deposit  some  scale,  which  is  prone  to  be  quite  hard,  etc.  There  is  a  vpr>" 
slight  tendency  to  corrosion. 

From  a  sanitary  point  of  view  the  above  analysis  shows  this' water  to  be  of  a  sufficient 
purity  to  warrant  its  use  as  a  drinking  water. 

Analysis  of  water  from  40'foot  driven  well  near  Big  Lake^  Arkansas.^ 

Parts  per  railiion.  I  Parts  per  millifn. 

Silica  (SiOa) 38      |  Free  ammonia O.iM 

Iron  and  alumina  oxides  (FcjOj-f  Albuminoid  anmionia (^ 

AI2O3) 4. 8     Nitrogen  as  nitrates Trace. 

Calcium  (Ca) 22        Nitrogen  as  nitrites 0 

Magnesium  (Mg) 5. 8  |  Chlorine  as  chlorides 7. 2»' 

Sodium  (Na)ft 9      \  Oxygen  consumed IS 

Carbonate  radicle  (CO3) 41      '  Appearance,  slightly  turbid. 

Sulphate  radicle  (SO4) 21         Color,  none 

Chlorine(Cl) 7 

Ix)ss,  etc 1. 6 


150.2 


Odor,  none. 

Appearance  of  residue,  white;  no  color 
on  heating. 


The  action  of  the  water  when  used  in  a  steam  boiler  will  be  of  the  same  nature  as 
that  from  the  30-foot  well,  but  the  amount  of  scale  formation  will  be  about  38  per 
cent  greater  in  quantity. 

As  regards  the  use  of  this  sample  for  drinking  purposes  it  is  equally  as  good  as  the 
sample  from  the  SO-foot  well.  While  the  sample  is  slightly  turbid,  it  is  due  to  a 
slight  amount  of  mineral  matter  in  suspension  and  in  no  w^y  affects  the  quality. 
While  the  analysis  shows  a  very  slight  difference,  the  two  samples  are  virtually  the 
same  from  a  sanitary  standpoint. 


o  ExprcHsed  t)y  analyst  in  grains  per  gallon  and  hjrpothetical  combinations;  recomputed  to  iomc 
form  and  parts  per  million  at  United  States  Geological  Survey. 
f>  Sodium  and  i>ota8sium  calculated  as  sodium. 
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TERRELL,   ARK. 

In  sec.  29,  T.  9,  R.  8,  is  a  well  owned  by  the  Baker  Lumber  Com- 
pany. It  was  sunk  in  1901  and  cased  with  6-inch  casing  to  86  feet 
and  4-inch  casing  to  the  bottom.  The  water,  which  is  warm,  rises 
within  12  feet  of  the  surface.  The  following  log  was  furnished  by 
Mr.  W.  B.  Johnson: 

Log  of  well  at  Terrell^  Arl. 


AUdvium  and  Lafayette  (182  feet) : 

"Buckshot,"  shading  to  sand 

Orange  sand  and  gravel,  with  thin  clay  partings 

Ugrange  formation  (clar,  658  feet) : 

Blue  day  with  enouj^  fine  sand  to  make  sinking  by  hydraulic  process  easy; 

no  water 

Lagrange  formation  (sand,  24  feet) : 

Gray  sand,  like  that  at  Memphis;  lignite  in  large  quantities 


Thickness. 

Depth. 

FefL 
16 
166 

Feet, 
16 

182 

668 

840 

24 

864 

When  drilling  in  this  well  was  stopped  at  864  feet  it  was  stUl  in 
sand.  The  water  has  been  analyzed  and  found  excellent,  with  a  little 
more  iron  than  the  Memphis  water. 
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Wells  that  obtain  water  from  the  drift  are  numerous  in  Iowa, 
Dlinois,  and  the  other  Northern  States,  but  have  few  representatives 
in  Missouri,  and  these  are  almost  entirely  confined  to  the  northwest 
comer  of  the  State. 


ATCHISON    COUNTY. 


Tarldo  is  situated  in  the  extreme  northwestern  part  of  the  State, 
on  Tarkio  Creek.  In  May,  1890,  a  company  was  organized  for  the 
piU7)0se  of  obtaining  a  city  water  supply,  and  later  a  numoer  of 
wells  were  sunk  in  the  district.  The  first  one  of  these  was  put  doA^Ti 
at  the  edge  of  town,  in  sec.  14,  T.  65,  R.  40.  Owner,  Tarkio  Water 
and  Electric  Light  Company;  depth,  210  feet;  altitude  above  tide, 
943  feet;  casing,  8-inch;  flow,  strong;  date  of  completion.  May,  1890; 
driller,  John  Kain. 

The  following  log  of  this  well  was  furnished  by  Prof.  J.  C.  Adair, 
of  Tarkio  College,  to  whom  the  writer  is  also  indebted  for  the  table 
of  welb  on  page  190  and  for  partial  water  analyses,  many  of  them 
made  especially  for  this  report. 
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Log  of  Tarkio  Watrr  arid  Electric  Light  Company  wtU  {No.  71),  Tarhw,  Atchuon  County, 


Thicknesft.1   Depth. 


FftL       I      Feet. 

BUckloam 30  J  30 

Gray  clay,  with  strata  of  glacial  bowlders «  •  70 

Blue  clay '  100  in* 

Hardpan 10  1» 

Coarse  sand 10  1» 

Rock 20  2Mi 


The  water  from  this  well  flows  in  a  stream  from  an  8-inoh  pipe  6 
feet  above  the  ground,  and  is  conveyed  to  a  reservoir  30  feet  in  diame- 
ter and  30  feet  deep.  Thence  it  is  forced  by  a  Dean  surface  pmnp, 
with  a  capacity  of  1,000,000  gallons  per  day,  to  a  standpipe  50  feet 
high  and  12  feet  in  diameter,  which  stands  on  a  hill  100  feet  above 
the  well.  There  is  a  normal  pressure  of  75  pounds  from  the  standpipe 
and  a  fire  pressure  of  150  poimds.  The  well  is  also  provided  with  a 
Cook  deejHwell  pump  of  the  same  capacity.  The  water  is  hard,  clear, 
and  cold.  The  flow  from  the  pipe  varies  a  little,  being  not  quite  as 
strong  now  as  it  was  at  first.  Other  wells  sunk  at  a  lower  level 
have  to  a  sUght  degree  lessened  its  head.  A  surface  well  40  feet 
deep  was  also  sunk  by  this  company  into  the  bowlder  stratimi  given 
in  the  log.  A  feeble  flow  was  obtained  from  this  well,  and  the  water 
is  softer  and  better  suited  for  boiler  purposes.  The  population  of 
Tarkio  is  2,500,  and  it  is  estimated  that  the  water  supply  issufficient 
for  a  city  of  10,000.  At  present  the  city  uses  about  150,000  gallons 
per  day. 

There  seem  to  be  two  aquifers  or  water  bearers  in  this  district. 
The  upper  one  varies  from  7  to  10  feet  in  thickness  and  is  usually 
found  at  a  depth  of  40  to  60  feet.  It  consists  of  either  roimded 
bowlder  material  or  gray,  sharp,  angular,  coarse  sand.  The  water 
from  this  bed  is  soft  and  is  excellent  for  boiler  use.  The  bed  is 
usually  overlain  by  25  to  40  feet  of  yellow  clay,  forming  the  imper- 
vious layer. 

The  main  water-bearing  stratum  and  the  one  having  the  strongest 
pressure  is  a  bed  of  20  feet  or  more  of  sand  which  is  made  up  of 
rounded  grains  and  is  called  the  '*  artesian  sand.''  This  is  overlain  by 
an  impervious  layer  of  dark-blue  clay  from  140  to  160  feet  thick, 
the  lower  half  of  which  contains  small  round  pebbles  the  size  of 
walnuts  and  numerous  pockets  of  sand. 

Tarkio  Valley  is  from  2  to  3  miles  wide  and  is  inclosed  by  low, 
rounded  hills  which  rise  from  50  to  100  feet  above  Tarkio  Creek,  a 
rapid  stream  that  frequently  overflows  its  low  banks.  The  channel 
has  been  straightened  through  the  town,  where  it  is  confined  to  a  deep 
ditch  running  between  dikes,  which  partially  control  the  floods. 
\Vlien  visited  in  July,  1904,  the  whole  valley  was  sodden  with  water 
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as  a  result  of  long-continued  rains.  The  cornfields  were  swamps, 
although  miles  of  drainage  tiles  had  been  laid  through  them.  This 
condition  certainly  suggests  that  the 
water  must  rise  from  the  first  sand 
layer  under  such  pressure  as  to  keep 
the   land   unusually   damp. 

Fig.  6  shows  the  location  of  the  wells 
referred  to  in  the  accompanying  table. 
They  extend  for  a  distance  of  14 
miles,  beginning  5  miles  north  of 
Tarkio  and  continuing  for  9  miles 
south,  to  Fairfax.  Mr.  James  Cham- 
bers, who  has  simk  some  wells  in  this 
region,  states  that  there  is  apparently 
an  ancient  buried  channel  in  this  val- 
ley and  that  the  flow  in  this  channel 
is  from  the  northwest.  He  has  noted 
that  in  sinking  wells  on  the  extreme 
sides  of  the  valley  only  2  or  3  feet  of 
the  ** artesian  sand"  were  passed 
through,  while  nearer  the  center  of 
the  valley  this  sand  layer  is  40  or  more 
feet  thick.  Mr.  Chambers  states  that 
in  drilling  these  wells  he  uses  an  auger 
and  that  frequently  good  veins  of  wa- 
ter are  found  in  the  yellow  clay.  If 
such  a  vein  is  tapped  there  is  no  neces- 
sity of  going  deeper,  as  a  shallow 
well  of  living  water  is  thus  assured. 
Wells  bored  in  this  way  are  quickly 
and  cheaply  obtained,  80  to  90  feet  being  the  maximum  day's  work. 

The  following  is  the  log  of  well  No.  17,  a  salt  well: 
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Fio.  6.— Map  showing  location  of  the  Tarkio 
artesian  wells,  Atchison  County. 


Log  ofRanHn  well  (No.  17), 

Tarhio, 

Atchison 

County. 

1  Thickness. 

Depth. 

Black  loam 

1 

Feet. 
30 
40 
110 
15 
10 
15 
60 

Feet. 
30 

Gray  clay,  with  occasional  strata  of  loose  bowlders.. 

70 

Blue  clay 

i 

180 

Hardpan,  white 

195 

Gravel,  water  bearing 

205 

Carbonaceous  shale,  with  considerable  lignite 

220 

Rock;  stopped  before  going  through  it 

1 

270 

This  well  contains  5,400  parts  of  chlorine  per  million,  while  well  No. 
11,  2  miles  to  the  north,  gave  only  HI  parts,  and  Nos.  15  and  16,  a 
little  over  a  mile  to  the  northeast,  128  and  120  parts,  respectively. 
Well  No.  18,  at  Fairfax,  is  also  a  salt  well,  with  about  5,400  parts  of 
chlorine  per  milUon,  or  about  3  oimces  of  salt  to  the  gallon. 

The  accompanying  table,  prepared  by  Pror.  J.  C.  Adair,  gives  con- 
densed data  in  regard  to  the  wells  of  this  district: 
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The  diameter  of  all  these  wells  is  3  inches,  with  the  exception  of 
Xo.  11,  which  is  8  inches.     The  temperature  of  the  water  is  12*^  C. 

Several  of  the  wells  flowed  for  a  short  time,  but  when  others  were 
put  dowTi  they  ceased  to  flow  and  are  now  being  pumped.  The  depth 
to  the  '*  artesian  sand  '*  seems  to  increase  to  the  south.  In  well  No.  14, 
in  the  extreme  eastern  part  of  the  basin,  rock  was  reached  without 
finding  the  sand.  To  the  west  the  surface  is  much  higher,  and 
though  the  sand  is  reached  the  wells  do  not  flow.  Seven  miles  west  of 
Tarkio,  at  Rockix)rt,  a  well  was  drilled  to  a  depth  of  700  feet  wthout 
finding  water.  It  is  probable  that  the  western  side  of  the  buried 
channel  is  but  a  few  miles  west  of  Tarkio  Creek.  This  ancient  chan- 
nel was  undoubtedly  cut  during  the  extension  and  retreat  of  one  of  the 
great  northern  ice  sheets.  The  vast  quantity  of  water  set  free  by  the 
melting  front  of  this  ice  sheet  found  its  outlet  through  the  valleys 
toward  the  south,  in  which  they  left  their  load  of  sand  and  gravel. 
These  deposits  were  in  turn  covered  by  impervious  clays  from  the 
moraines  of  subsequent  ice  sheets,  a  condition  which  probably 
occurred  more  than  once. 

Professor  Adair  has  called  attention  to  the  large  amount  of  am- 
monia, both  free  and  albuminoid,  contained  in  the  waters  of  these 
wells.  It  is  also  interesting  to  note  the  great  variation  in  the  com- 
position of  water  in  wells  very  near  to  each  other,  a  fact  to  which 
attention  has  already  been  called.  A  series  of  partial  analyses  made 
by  Professor  Adair  shows  a  constant  variation  of  anmionia  in  the 
same  well  during  a  period  of  years.  So  excessive  an  amount  of 
albuminoid  ammonia  as  is  contained  in  some  of  these  wells  would 
ordinarily  condemn  the  water  at  once  as  being  subject  to  sewage 
contamination;  but  there  could  be  no  possibility  of  such  contami- 
nation in  this  district,  and  it  is  a  well-established  fact  that  many 
other  drift  wells  contain  large  amounts  of  this  substance.  Norton" 
mentions  its  occurrence  in  the  waters  of  the  drift  wells  of  Iowa,  and 
suggests  several  theories  for  its  presence.  One  of  these  theories  is 
that  these  artesian  waters  were  originally  storm  and  surface  waters, 
which  have  taken  ammonia  from  the  atmosphere  and  soil  and  kept 
it  imprisoned  in  these  basins.  Another  and  a  more  probable  hypoth- 
esis is  that  the  ammonia  originated  from  the  decomposition  and 
breaking  up  of  the  fossil  organic  remains  contained  in  these  sedimen- 
tary deposits.  Just  as  the  ammonia  of  commerce  is  manufactured 
from  the  products  resulting  from  the  distillation  of  coal,  so  it  is  possi- 
ble that  the  ammonia  in  the  water  may  be  derived  from  the  nitrogen 
of  the  lignite  and  carbonaceous  shales  which  are  so  often  present  in 
the  drift — a  view  which,  according  to  Norton,  is  supported  by  the 
association  of  the  anmionia  with  the  hydrogen  sulphide  of  these 
waters. 

•Norton,  W.  H.,  Artesian  wells  of  Iowa:  Aim,  Rept.  Iowa  Geol.  Survey,  vol.  6,  1S97,  pp.  .35»-.3ttl. 
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A  well  not  far  from  the  salt  well  at  Fairfax  is  highly  charged  with 
iron  and  sulphur. 

HOLT   COUNTY. 

MO  TNI)   CITY. 

In  sec.  29,  T.  62,  R.  38,  on  the  farm  of  James  A.  Vandeventer,  is 
a  shallow  well  floA^ang  about  3  gallons  per  minute,  with  no  apparent 
variation.  The  water  is  clear,  cold,  and  soft,  with  some  iron,  and 
leaves  a  reddish  coating  on  pipes  and  ground.  It  is  derived  from  & 
sand  layer  under  a  blue  clay.  It  is  highly  esteemed  as  a  chalybeate 
water.  An  artificial  lake  and  a  grove  of  native  forest  trees  render 
the  locality  of  the  well  an  attractive  pleasure  ground. 

CITY  WATER  SUPPLIES. 

GENERAL   DISCUSSION. 
SOUBCX  OF  SUPPLY. 

The  tendency  toward  the  concentration  of  population  in  cities  and 
towns  has  caused  a  growth  that  has  outdistanced  all  calculations 
made  when  most  waterworks  systems  were  originally  established. 
Moreover,  the  increase  in  the  per  capita  use  of  water  has  been  very 
great  and  cities  are  everywhere  forced  to  seek  new  sources  of  supply. 
Lakes,  rivers,  and  springs  have  heretofore  been  the  main  depend- 
ence; but  the^e  are  so  generally  becoming  polluted  by  sewage,  manu- 
facturing wastes,  and  in  other  ways,  that  the  problem  of  pure  water 
is  yearly  more  and  more  serious. 

This  problem  is  more  difficult  of  solution  for  the  larger  cities 
because  of  the  thickly  settled  districts  which  surroimd  them.  New 
York  City  consumes  340,000,000  gallons  of  water  per  day.  An 
increase  in  population  of  100,000  per  year,  which  has  been  the  case 
for  the  last  decade,  means  necessarily  a  large  addition  to  the  water 
supply  in  order  to  keep  pace  with  such  tremendous  growth.  This 
city  is  now  looking  to  the  Catskill  Mountains  as  apparently  the  only 
available  source  from  which  the  present  supply  can  be  increased. 
To  bring  the  water  of  this  distant  region  to  the  doors  of  the  New 
York  consumers  will  entail  an  expenditure  of  $150,000,000.  The 
present  system  has  already  cost  $100,000,000. 

The  problem  is  even  more  serious  for  some  foreign  cities.  Paris 
has  for  many  years  taken  from  the  Seine  water  for  all  purposes,  but 
now  finds  it  suitable  for  street  sprinkling  and  industrial  uses  only. 
Other  cities  of  France  have  secured  control  of  all  the  available  moun- 
tain lakes  and  streams,  leaving  the  capital  to  contemplate  the  advisa- 
bility of  establishing  filtration  plants  to  make  possible  the  use  of  the 
sewage-laden  river  water. 
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Many  cities,  apparently  ideally  located  so  far  as  water  supply  is 
concerned,  have  diflSculties  to  overcome.  Chicago,  for  example, 
situated  on  a  great  fresh-water  lake,  has  had  to  expend  millions  of 
dollars,  not  only  in  extending  the  intake  of  its  water  supply  farther 
into  the  lake,  but  also  in  building  a  great  drainage  canal  to  carry 
into  the  Mississippi  River  the  sewage  that  would  otherwise  pollute 
the  water. 

Cleveland  has  been  compelled  to  go  far  toward  the  center  of  Lake 
Erie  for  an  intake  free  from  pollution.  Philadelphia,  procuring  water 
from  Delaware  and  Schuylkill  rivers,  which  are  badly  polluted,  as  is 
shown  by  the  epidemics  of  typhoid  fever  so  common  in  that  city,  is 
now  planning  to  spend  $20,000,000  in  the  construction  of  a  sand 
filtration  plant  for  the  purification  of  this  water. 

London,  England,  has  under  consideration  a  project  for  bringing 
from  Wales  water  sufficiently  pxu'e  for  drinking  purposes,  and  Man- 
chester obtains  its  supply  from  the  lake^  of  Scotland. 

Many  southern  cities  are  largely  dependent  on  cisterns  for  water  for 
domestic  pxu'poses.  These  cisterns  are  open  to  contamination  from 
many  sources  and  can  not  be  considered  suitable  for  a  permanent 
supply. 

ABTS8IAH  WATER  AS  A  SOURCE  OF  SUPPLY. 

As  a  knowledge  of  the  dangers  existing  in  natural  water  supplies  is 
more  widely  disseminated,  the  advisability  of  seeking  in  deep  wells  a 
source  of  city  water  is  being  more  seriously  considered.  Some  degree 
of  uncertainty  is  connected  with  the  sinking  of  such  wells,  not  only  as 
regards  the  quantity  of  water  to  be  obtained,  but  also  with  respect  to 
the  quality.  Both  of  these  questions  are  geologic  in  their  nature  and 
can  be  intelligently  considered  only  in  the  light  of  a  knowledge  of  the 
structure  of'the  rocks  which  underlie  the  region  and  of  the  nature  of  the 
water  which  characterizes  the  different  geologic  formations.  It  is  one 
purpose  of  this  report  to  show,  so  far  as  available  knowledge  of  the 
stratigraphy  and  geologic  structure  of  Missouri  goes,  the  possibility 
of  obtaining  in  various  localities  not  only  flowing  wells,  but  also  a  suf- 
ficient quantity  of  wholesome  water  from  deep,  nonflowing  wells. 

The  city  of  Memphis,  Tenn.,  has  solved  its  own  water  problem  in  a 
highly  satisfactory  manner.  Formerly  having  one  of  the  highest 
death  rates  in  the  country,  and  frequently  visited  by  terrible  epidem- 
ics of  cholera  and  yellow  fever,  it  is  now  one  of  the  healthiest  cities 
in  the  United  States;  and  it  is  not  saying  too  much  to  claim  that  this 
new  sanitary  condition  is  largely  the  direct  result  of  the  development 
of  a  magnificent  system  of  artesian  welLs. 
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ICHASAOTEEISnCfl  THAT  AJTECT  TKK  VAJ-TJS  OF  WAITH  rOR  PHIUC  SHyni, 
TTie  Talue  uf  water  for  a  public  supply  lu^y  be  dkcus^d  under  tl 
Iwadn:  (t)  Us   [Ritability;  (2)  its  miit ability  far  dotneiitic  andtni 
jifactitrui^  pari>o6es. 

A  clniikjiii;  waller  may  be  mjurious  from  two  aaam^-imBk 

%mnuni  of  injiirimi^  mineral  oon?^titueiit^,  and  frciin  paihogtmc 

l^ria*     A  g^HKl  drinking  water  should   be  clear  aiid  palatsUk 

llmtild  not  have  an  exoeas  of  such  mineral  matter  ns  thesalt^of 

mdoMIP^*'^^^*  which  are  claimed  by  many  to  produce  or  aggravAte 

diseases  tis  rheumatism,  urinary  calculi,  goiter,  and  ereiinij^m, 

Uvsi  auriuiritie^  rfH.*onimend  the  avoidance  of  very  hard  wateml 

people  over  fifty  y^ars  of  iige.     The  pre.senc^  of  iron  f^vi^  a  fi^di 

tawte  to  the  water,  which  is  in  such  cases  knoi^-n  as  clialybi 

BWlule  this  is  not  injurious  to  health,  except  when  the  iron  iji  in  eH 

of  I  part  [>er  million,  and  \s  often  considered  l>eneticial  as  a  mini 

water,  it  is  objectionable  for  a  public  supply  and  funeral  a^  i( 

becaui^e  of  the  taaLe  and  the  fact  that^  on  stamling,  a  precipitBit| 

Wly  forms  that  clLscolors  the  water  and  the  conlainers- 

Wliatever  difference  of  opinion  may  exmt  in  regard  to  raincrBl  ii 
rities,  there  rran  be  tut  dispute  ronceriiinj^  the  danger  ci*im*«cte(l 
orpniic  ini{)uriti(^s  ('xistin^  as  a  nvsult  of  containinat  i<ni  fmni  mw 
and  many  ot  licr  .sources.  It  must  he  made  clc^ar,  howrvti.  :1  i' 
not  ihc  (lead  orLTanic  matter  or  scwairc  that  i-cndcr-  ili*-  wa:^: 
LT'Toii-.  l>nt  the  li\inL:  pathogenic  l)a<'t('ria  lliai  ran  ihi-  \'  "' 
water-  conlaiinnii;  .siieli  imj)urities.  'l\'j)hoid  fe\(^r.  f'.'i  t-x.! 
often  ha-  it>  xnn-ce  in  t  lie  n>e  of  polhited  water.  'V\\\<  i-  ai-<'  !  - 1 
lo  Ik-  \v\U\  to  a  lari:(*  decree,  of  such  diseases  a>  eliolera  and  d\  -'  : 
Ahundanl  >Iali>lics  could  he  <^nven  felatin^^  to  the  L:rcai  dr.  ;,  - 
the-e  (h>ease>  in  cities  that  have  chan^^<'(l  from  a  polhited  '<•  . 
w  aicr  >Uj)[)ly. 

(ireat  care  should  he  taken  of  the  watei*  after  it   is  dcrivrd  i; 
irround,  particularly"  in  t  Ik^  i-eservoir,  where  it    i-  stored   to  aw.. 
trihution.      A  siandpipe  is  far  hetter  tlian  an  oj)en    reM'r\o:r  1-    - 
a   purpo-c.      Tlie  latter  is  liahle  to  l)eeoni(^  infectc(l   l.y   dusi. 
iniiMision  of  animals,  and  hy  d(^])redat  ions  committed   l)\    !h<>:._': 
or  malicious  mdix  iduaU.      J']\-en  t  he  stand  pi  jx'  is  not   w  In  >li\   li'  < 
coui  anmiat  ion  unlos  properly  protected.      As  an  ilhr-t  ra :  !m:i  .  " 
It   may  he  slated  that  after  an  oiithreak  of  typhoid  fexcr  m  "1m 
ciiH's  ol   a   neiLdd)oj-inLr  State,  it  was  diseovei-cMJ  that    while  *!,. 
at    its  .soui'ce  was  pu]-e,  the  tap  \\  at  (M'  coiU  ained   typhoi<l   l);e  ;. 
in\csl  ij^at  ion  of  the  staiidpipe.  w  Inch  was  over  KM)  feet  hiLiti.  > 
^  he   lact    that    it    contained    an   accumulation   of  oncj-    J    lee"    •' 
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English  sparrows  that  had  flown  against  the  inner  wall  and  had 
drowned.  All  standpipes  should  be  covered  with  wire  gauze  to  pre- 
vent similar  pollution. 

HARDNESS. 

For  domestic  supply  water  should  not  be  too  hard — that  is,  it  should 
not  contain  too  large. an  amount  of  the  salts  of  lime,  magnesia,  and 
iron.  If  such  is  the  case,  it  is  objectionable  for  cooking  purposes. 
Very  hard  waters  are  said  to  affect  the  taste  of  foods  cooked  in  them. 
If  too  much  iron  is  present,  it  imites  with  the  tannin  of  tea  and  coffee 
to  form  a  black  precipitate.  An  excess  of  iron  is  also  objectionable 
for  laimdry  use,  as  it  is  likely  to  form  rust  spots  on  clothing.  But  one 
of  the  most  serious  objections  to  hard  water  from  the  standpoint  of 
domestic  use  is  the  large  amount  of  soap  that  it  requires  to  produce  a 
lather.  Tumeaure  and  Russell,^  quoting  from  Parks,  state  that  the 
city  of  Glasgow,  Scotland,  saves  $180,000  annually  in  the  cost  of  soap 
used  since  the  introduction  of  the  soft  water  from  Loch  Katrine  as  a 
city  supply.  Soap  is  a  combination  of  soda  with  some  of  the  fatty 
acids.  Pure  water,  such  as  rain  water,  dissolves  soap  perfectly  and 
forms  a  lather  at  once.  But  water  containing  certain  mineral  salts  in 
solution — notably  the  carbonates  and  sulphates  of  hme,  magnesium, 
and  iron — does  not  do  this,  because  these  salts  form  insoluble  pre- 
cipitates with  the  soap.  If  it  takes  a  great  deal  of  time  to  produce  a 
lather  with  soap,  the  water  is  hard,  and  it  will  be  seen  that  the  amount 
of  soap  required  before  the  water  will  lather  gives  a  test  of  the  relative 
amoimt  of  salts  which  cause  the  hardness  of  the  water. 

That  quality  of  water  called  ** hardness"  is  usually  referred  to  as 
*' total,'*  '*teinp)orary,"  and  '*  permanent,"  the  last  being,  perhaps,  the 
most  important  of  the  three,  since  it  represents  the  sulphates,  chlorides, 
and  nitrates  of  Ume  and  magnesia.  By  'Hotal  hardness  "  is  meant  the 
natural  hardness  of  the  water — that  is,  the  aggregate  amount  of  earthy 
salts  and  free  carbon  dioxide.  The  *Hemporary  hardness"  is  that 
which  disappears  on  boiling,  and  the  *' permanent  hardness"  is  that 
which  is  imaffected  by  boiling.  Clark's  scale  of  hardness  is  expressed 
in  degrees,  1°  being  equivalent  to  the  hardness  produced  by  1  grain  of 
calcium  carbonate  per  gallon.  In  American  practice  the  hardness  is 
expressed  in  terms  of  parts  of  calcium  carbonate  per  million.  To  con- 
vert degrees  of  hardness  to  parts  per  million,  multiply  by  14.3.  In  a 
general  way,  if  a  water  has  a  total  hardness  of  less  than  85  parts  per 
million,  it  is  soft;  at  115  parts  per  million  it  is  moderately  hard;  at 
230  parts  per  million  it  is  very  hard,  and  above  that  it  is  objectionable. 

The  waste  of  soap  and  extra  labor  entailed  by  the  use  of  very  hard 
water  make  the  subject  of  hardness  of  very  great  importance.     Ever^^ 


a  Tumeaure,  F.  E.,  and  Russell,  II.  L.,  Public  Water  Suj)plies,  1901,  p.  143. 


hardier  inatt(»r  d(»positod  on  boilers  from  the  deeom 
miiKMul  salts.  The  term  '\slud^e/'  or  '*miid,"  is  af 
or  loose  precipitates,  such  as  calcium  and  ma^jn 
These  form  the  temporary  hardness  of  water  and  ar< 
mon*  ea^^ily  removed  from  boilers  than  the  scal(»,  wl 
■  p(»rmanent  hardness  and  is  made  up  mainly  of  calciii 
sulphates.  This  scale  involves  considerable  loss  of  < 
mated  that  an  incmstation  one-sixteenth  of  an  inch 
conductor  of  heat,  causes  a  loss  of  energy  of  lo  to 
coal  used.  Waters  that  have  a  temporary  liardnes 
scale  that  nuiy  be  blown  out;  wliile  those  that  have 
hardn(»ss  form  a  scale  which  can  be  removed  only  wi 
This  scale  not  only  results  in  the  loss  of  energy,  bu 
the  iron  and  is  frecpKMitly  the  cause  of  boiler  explc 
estimates  that  the  extra  expense*  due  to  the  use  of  1 
railway  en<j:incs  of  the  Middle  and  Western  States 
ST.IO  |)er  yc^ar  for  each  engine. 

At  a  s(\ssion  of  the  American  Association  of  Ra 
Bullalo.  N.  v.,  in  IS.ST,  a  system  of  rating  for  boil 
gested,  which,  as  shghtly  modified  by  Xorton,**  is  as 

Nfitintf!<  for  boiler  watcrx. 


li;ltlM^^ 
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The  problem  of  scale  is  very  serious  and  many  methods  of  obviat- 
ing this  difficulty  have  been  proposed."  A  careful  quantitative  analy- 
sis must  always  be  made  to  determine  the  nature  of  hard  water  and 
the  treatment  necessary  to  render  it  suitable  for  use.  In  some  cases 
waters  that  contain  a  large  amount  of  scale-forming  material  carry 
also  enough  alkaline  salts  to  supply  their  own  remedy.  In  Okla- 
homa, as  reported  to  the  writer  by  Mr.  C.  D.  Purdon,  engineer  of 
maintenance  of  way  of  the  Frisco  System,  the  water  used  to  supply  one 
tank  contains  a  large  amount  of  scale-producing  salts,  while  that  of 
another  but  a  few  miles  distant  contains  the  remedy  for  them,  and  a 
mingling  of  the  two  waters  produces  results  so  good  that  engineers 
find  no  difficulty  in  their  use. 

The  mineral  salts  that  occur  in  water  and  that  are  objectionable  in 
the  manufacture  of  steam  are  described  in  the  following  paragraphs: 

Calcium  carbonate  is  the  most  common  form  in  which  lime  occurs. 
It  is  but  slightly  soluble  in  distilled  water,  but  when  carbon  dioxide 
is  present,  as  is  generally  the  case,  i'  is  easily  soluble  and  forms  lime 
bicarbonate.  Heat  decomposes  this  lime  bicarbonate  in  boilers, 
driving  off  the  carbon  dioxide  and  precipitating  the  lime.  This 
forms  a  scum  on  the  water  which  prevents  the  free  escape  of  steam 
and,  if  in  excess,  frequently  causes  ''foaming."  It  is  also  precipi- 
tated in  the  form  of  scale,  some  of  which  is  carried  by  the  steam  into 
the  piston  and  cylinders,  where  it  has  a  most  injurious  effect.  The 
lime  does  not  form  a  hard  scale  unless  mixed  with  other  salts  which 
cement  it  to  the  sides  and  flues  of  the  boiler. 

Calcium  sulphate  forms  the  hardest  scale  known,  sometimes  almost 
as  hard  as  porcelain.  When  the  boiler  pressure  is  at  50  pounds, 
this  substance  is  almost  entirely  precipitated  from  the  water. 

Calcium  chloride  is  occasionally  present  in  water.  It  does  not 
form  scale,  but  is  highly  corrosive.  If  lime  or  magnesium  sulphates 
are  present,  under  heat  and  pressure  an  interchange  of  acids  takes 
place  and  calcium  or  magnesium  sulphates,  which  do  form  a  scale, 
are  produced. 

The  action  of  magnesium  carbonate  is  similar  to  that  of  calcium 
carbonate,  but  only  the  magnesium  bicarbonate  is  soluble.  It  is  a 
fine  nonconductor  of  heat,  for  which  reason  it  is  frequently  used  on 
the  outside  of  boilers  and  pipes. 

Magnesium  chloride  is  frequently  present  in  water  and,  if  in  con- 
siderable amounts,  is  very  injurious.  At  310°  F.  it  is  decomposed, 
reacting,  with  water,  to  form  magnesium  oxide  and  hydrochloric 
acid,  which  latter  corrodes  the  boiler,  especially  at  the  .water  line. 
Allen  states  that  certain  amounts  of  sodium  chloride  may  prevent 

«  An  excellent  article  on  this  subject  is  given  by  Tiirneaure,  F.  E.,  and  Russell,  II.  L.,  Public  Water 
SuppUes,  1901,  p.  481. 
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lift  decomposition,  the  two  rhlorides  uniting  to  fonn  n  sliihf(*d* 
ill.     Norton*  says: 

!  ti  riMiiin'i  witii  WnXvT  p\&im,  c's^kium  iiud  rnagnediuixi  c^ailloiifttri  nf  fbr  «$ 

tiangr-d  tn  ojiuetU'  (j^id^'fl  by  iho  intfnt**T  ln^at,  and,  tororrling  to  Lmik»i.,  if  oipi 
rhU^riili^  18  pn*fw»t  liit*  Baiiit*  n^Lill  may  h*-  rt^iM.'iicd  by  reairtion  w>lh  mJi-ttuQa 
at t ' ■  i^f 1 1^ > (ig  EU?  h t'M I'll  t li M3<^  I iX\ < U^  r i/i iia i ! ui k b y dnrni* v  Hn t  j&rf^  tiuLi^Hl l^j hyi^ 
toccvBM  ill  watrr  on  it^ijlmg. 

I    x\  siviall  amount  of  nmgnt^sitim  chloride,  even  a  gram  cii  two t* 

gallon,  is  coiisidL*rt>d  objectinnable  in  boiler  waters. 
I    Magnesiium  sulphate  is  one  of  the  most  soluble  of  all  the  im 
salti^.     In  itsolf  it  does  not  produce  scale,  but  when  superheat* 
the  prrsem^e  of  other  lime  salts  it  breaks  up,  and  new  an^  Itiju 
jpombiuations  are  produced, 

Sodiuni  sulphate  and  sodium  chloride  are  not  scale  pHxIil 
but  ari^  liable  to  produce  ''foaming"  when  present  in  largpamo 
The  name  Im  true  of  eodimn  carbonate.  Sodium  chloride  is  I 
O^irromve, 

'  Iron  bicarbonate,  having  a  weak  hold  on  the  carbon  diuxi 
easily  decompa*4ed  and  forms  ferrous  oxide,  which,  uniting  will 
j^en  and  water,  forms  the  liydnUed  sesquioxide,  the  yellow  p 
tate  commonly  noticed  in  chalybeate  waters.  Iron  siilph 
frequently  present  in  waters  that  have  their  stnirt^e  in  the  Pe 
vaniaii  rorks.  and  it  is  very  corrosive  in  boilei*s. 

Hie  j)]-('S(']i('('  of  (•arl)()n  dioxide,  ainnionia.  iiitrato.  aiul  '.: 
j)rol)al)lv  object  ional)l(\  l)u(  how  inuch  so  lias  not  hrcn  li  !. 
min('(l.  Sniiic  of  tli(vs(',  ('>])(M'ially  ihv  nitrates,  ar'<".  w;!.':  , 
(■(»ii()si\  ('  w  lien  present  in  lar^e  ainoun's. 

Silica  usually  occurs  in  so  small  amounts  as  to  hr  of  jii,. 
t  ance  in  t  his  connect  ion. 

(11  ^     WATKIi    Sll'PLlKS    IN     MISSOlKl. 
STATISTICS 

The  accouipany iu!^^  tables  ^^iv(^  a  list,  as  conipleic  a-  '  i 
|M)>sihle  to  make,  ol'  the  lOM  cities  and  towns  in  Mi«>-ouri  *!i.. 
public  water  ,sup|)l\  .  with  statistics  relating  to  eacli  an<l  ;i!i 
many  of  the  watci"^.  In  <'o]ine('tion  wiili  the  (a{)acii\  ()\  ;1  ■ 
>y^tem>.  it  i-^  in- cin'si  iuL''  to  note  the  daily  consuinpt  i. mi  'h  . 
cii  ic-  and  I  he  po»ihi]it  irs  of  providing  h)r  future  nee(|>. 

In    pi-e|)arini:    the-e    tables,    the   wfiter   ha>   >uj)j>lemcni«M; 
note->    1)\     reference    to    l>aker"^    Mamial    of    AnuMican    ^^;'.^ 
The  foJlowniL:'  tal)lc  -ixi-s  the   {)e]-  capita  consumpti<'n  .^f  i:  t 
cit  ie>  in  t  he  world  . 
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Daily  per  capita  corutimption  of  water  in  various  cities. 

Gallons,    l  Gallons. 

Paris 37     Brooklyn 90 

London 45  i  New  York 125 

Berlin 50  ;  ('hic^ago 180 

Kansai*  C'ity SO     Phila<h*lphia 2m 

In  calculating  the  amount  of  water  necessary'  for  a  city  s<ripply,  at 
least  100  gallons  per  capita  per  day  should  bo  estimated.  In  arte- 
sian districts  it  is  very  easy  to  estimate  either  the  flow  or  the  pump- 
ing capacity  of  wells.  Norton"  suggests  that  where  a  number  of 
wells  are  simk,  they  should  be  aligned  at  right  angles  to  the  dip  of 
the  water-bearing  strata,  so  as  to  tap  a  larger  area.  The  distance 
between  flowing  wells  should  be  as  great  as  is  consistent  with  the 
other  factors  considered  in  their  dispositicm.  If  the  flow  is  weak, 
'^shooting'*  will  frequently  increase  the  pressure. 

o  Norton,  W.  H.,  Artesian  wells  of  Iowa:  Ann.  Kept.  Iowa  (icol.  Survey,  vol.  6,  1897,  p.  410. 
IRB  105—07 14 
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AVALTBBB  07  WATEE8  07  PUBLIC  BITPFLISS. 

Analysis  1. — Aurora  city  water,  January  15,  1904.^ 


Parts  per  million. 

Silica  (SiOj) 8.2 

Iron(Fe) 86 

Aluminum  ( Al) 08 

Calcium  (Ca) 54 

Magnesium  (Mg) 2.5 

Sulphate  radicle  (SOj 26 

Chlorine  (CI) 3.5 


95.14 


Residue  on  evaporation. 

Residue  on  ignition 

Free  ammonia 

Albuminoid  ammonia. . . 

Nitrogen  as  nitrates 

Nitrogen  as  nitrites 

Oxygen  consumed 

Color,  very  clear. 
Odor,  none. 


Parts  per  mOlioD. 

100 

91.8 


.16 
.15 
.23 

0 

3.04 


Analysis  2. — Bowling  Green  city  water,  January  i7,  1904  (partial  analym). 


Parts  per  million. 

SilicaCSiOj) 4 

Iron(Fe) 1.6 

Aluminum  ( Al) 37 

Calcium  (Ca) 114 

Magnesium  (Mg) 36 

Sulphate  radicle  (SO^) 48 

Chlorine  (CI) 49 


252. 97 


Parts  per  millioQ 

Residue  on  evaporation 572 

Residue  on  ignition 409 

Free  ammonia OS 

Albuminoid  ammonia 15 

Nitrogen  as  nitrates 12 

Nitrogen  as  nitrites Trace, 

Oxygen  consumed 2 

Color,  clear. 
Odor,  none. 


Analysis  3. — Brookfield  city  water  (open  well),  March  12,  1904,<^ 


Parts  per  million. 

Silica(Si02) 17 

Ir(m(Fe) 1.9 

Aluminum  ( Al) 15 

Calcium  (Ca) 6.  8 

Magnesium  (Mg) 14 

Sulphate  radicle  (SO^) 59 

Chlorine  (CI) 17 


115.85 


Parts  per  million. 

Residue  on  evaporation 417 

Residue  on  ignition 396 

Free  ammonia 12 

Albuminoid  ammonia 22 

Nitrogen  as  nitrates 5 

Nitrogen  as  nitrites OlS 

Oxygen  consumed 3.2 

Color,  none. 
Odor,  none. 


Analysis  A.—.Carrollion  nly  water,  April  7,  1904.^ 


Parts  per  million. 
Total  residue  after  evaporation...  450 

Oxygen  consumed 7. 95 

Free  ammonia 24 

Albuminoid  ammonia 18 


Parts  per  million 

Nitrogen  as  nitrates 0. 35 

Nitrogen  as  nitrites ^ 

Color,  slightly  amber. 
Odor,  none. 


Analysis  5. — Carthage  city  water,  March  7,  1904.^ 


Parts  per  million. 

Silica(Si02) 16 

Iron  (Fe) 2.4 

Aluminum  ( Al) .1 

Calcium  (Ca) 50 

Magnesium  (Mg) 4.2 

Sulphate  radicle  (SO4) 25 

Chlorine  (CI) 4.2 


Parts  per  million. 

Residue  on  evaporation 178 

Residue  on  ignition 166 

Free  ammonia -^ 

Albuminoid  ammonia 1" 

Nitrogen  as  nitrates ^ 

Nitrogen  as  nitrites ^' 

Oxygen  consumed 2. 9 


101.9  I 
o  Bull.  Missouri  State  Board  of  Health,  vol.  1,  No.  4,  1904.    Recomputed  to  ionic  form  al  ^nit^l 
States  Ueolugical  Survey. 
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Analysis  6. — Chillicolhe  city  water,  February  6,  1904.^ 


Parts  per  million. 

Silica  (SiO,) 20 

Imn(Fe) ^ 6.1 

Alumina  (Al) 14 

Calcium  (Ca) 3. 6 

Magnesium  (Mg) 6. 8 

Sulphate  radicle  (SO^) 26 

Chlorine(n) 5 


67.64 


Parts  per  raiUlon. 

Residue  on  evaporation 183 

Residue  on  ignition 166 


Free  ammonia. 
Albuminoid  ammonia. 
Nitrogen  as  nitrates . . . 

Nitrogen  as  nitrites 

Oxygen  consumed 

(^olor,  slightly  turbid. 
Odor,  none. 


.24 
.33 
.26 
.055 


Analysis  7. — Excelsior  Springs  city  water  (river). b 


Parts  per  mlUion. 

SUicalSiOa) 22 

Iron  and  alumina  oxides  (Fe,0,-f 

AljO,) 3. 5 

Calcium  (Ca) 85 

Magnesium  (Mg) 7.7 

Sodium  (Na)<^ 6.8 

Carbonate  radicle  (CO,) 115 

Sulphate  radicle  (SO^) 50 

Chlorine  (CI) 11 


301 


Parts  per  milUon. 

Free  ammonia 02 

Albuminoid  ammonia 07 

Nitrogen  as  nitrate* Trace. 

Nitrogen  as  nitrites Trace. 

Chlorine  as  chlorides 53. 05 

Oxygen  consumed 3. 1 

Color,  somewhat  turbid. 
Odor,  none. 


This  river  water  is  filtered  through  a  layer  of  coke  5  feet  thick,  then  through  28 
inches  of  sharp  sand  and  12  inches  of  fine  gravel,  after  which  it  gathers  in  a  large  well, 
whence  it  is  pumped  to  the  reservoir. 

Analysis  8. — FxUton  city  water,  o 

Parts  per  million. 

Residue  on  evaporation 520 

Residue  on  ignition 436 

Free  ammonia 01 

Albuminoid  ammonia 03 

Nitrogen  as  nitrates 0 

Nitrogen  as  nitrites 96 


Chlorine 

Hardness 

Color,  clear. 
Odor,  none. 
Reaction,  alkaline. 


Parts  per  million. 

11 

386 


Analysis  9. 


-Jligginsinlle  city  water ^  January  28^  1904.  ^ 
Parts  per  million.  I 

Silica  (SiOj) 18 

Iron(Fe) •. 2 

Alumina  (Al) 

Calcium  (Ca) 51 

Magnesium  (Mg) 8 

Sulphate  radicle  (SOJ 27 

Chlorine  (CI) 23 


.15 


129. 15 


Parts  per  million. 

Residue  on  evaporal  ion 362 

Residue  on  ignition 338 

Free  ammonia 03 

Albuminoid  ammonia 2 

Nitrogen  as  nitrates Trace. 

Nitrogen  as  nitrites 004 

Oxygen  consumed 2 

Color,  clear. 
Odor,  none. 


a  BolL  Missouri  State  Board  of  Health,  vol.  1,  No.  4, 1904;  recomputed  to  ionic  form  at  I'nitcd  States 
Cieological  Survey. 

>  Expressed  "by  analyst  in  grains  per  gallon  and  hypothetical  combinations:  recomputed  to  ionic 
form  ana  parts  per  mUllon  at  United  States  Geological  Survey. 

«  Sodium  and  potassium  calculated  as  sodium. 
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Parts  ptT  million 
Residup  on  ovaporation 148 


Free  ammonia .'. 

Albuminoid  ammonia . 

Nitrdt(« 

Nitrites 

Oxygen  oonsumtnl .  .  . 
Chlorine 


Analysis  10. — Joplin  city  water. 

Parts  per  nillion. 

Iron 02 

Alkalinity 96 

Permanent  hanlnt^ss 11 

FreeCOa 1 

Bacteria  per  cubic  centimeter,  5. 
Bacillus  c*oli  (»ommuni,  none. 


.005 
.062 
2.  65 
.001 


3.9 


Analysis  11.-    KirhsvUle  city  water,  April  4,  1904.  n 


Parts  por  million. 

Silica  (SiOj) 11 

Irtm  (Fe) 2.6 

Alumina  ( Al) 06 

Calcium  (Ca) 34 

Magnesium  (Mg) 8.1 

Sulphate  radicle  (S(\) 35 

Chlorine  (C\) 4. 3. 


95.08 


Parts  ppr  million. 

Residue  on  evajxiration 188 

Residue  on  ignition 171 

Fri*e  ammonia 12 

Albuminoid  ammonia 50 

Nitrogen  as  nitrates SI 

Nitrogen  as  nitrites 0 

Oxygen  consumed 7.6 

I  Color,  ck^r. 

I  Odor,  none. 


Analysis  12. — Ltbarum  city  water  (artesian  well^  1, (MM)  feet).  t> 

Parts  por  million.   '  Parts  per  raiUlon. 

Silica  (SiOo) U         Sulphate  radicle  (SO/) 4.  h 

Iron  (Fe) Trace.     Chlorine  (CI) Trace. 

Aluminum  (Al) 1. 7  '  H,  bicarbonate 3. 4 

Calcium  (Ca) 33 

Magnmum  ( Mg) 16      I 


Sodium  (Na) 13      ,  Free  CO, 

Carlnmate  radicle  (CO,) 203       ' 

A  vorv  fine  water. 


285.9 
70 


Analysis  13. —  Marshall  city  water,  January  27,  1904. 


Parts  por  million. 

Silira  (SiOo) 11 

Iron  (Fe) 3.3 

Aluminum  ( Al ) 9 

Calrium  (Ca) 150 

Ma^u'siuiH  ( M^) 24 

Suli>liat<'radich-  (SO/ 191 

(^ilorine  (CI) -U'A 

S50.  2 


Parts  por  million. 

Residue  on  evaporation 1, 202 

Residue  on  ignition 1, 119 


Free  ammonia 

All)uminoid  ammonia. 
Nitrogen  as  nitrat<»s . . . 
Nitrogen  as  nitrites.  .  . 
Oxygen  consumed .  .  .  . 
Color,  very  clear. 
Odor,  none. 


.13 
Traav 
Trace. 
1.95 


1  Hull.  Missouri  Stato  lioanl  of  Tloalth.  vol.  1,  No.  4,  1904. 
b  Analysis  l.y  L.  (J.  Kakins.    Pull,  IT.  S.  (Jool.  Survoy  No.  60,  p.  172. 

c  Analysi.^  by  Missouri  Stalo  board  of  iioalth.     Uccomputod  to  ionic  form  at  United  States  Gwlog- 
ic'rtl  Survey. 
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Analysis  14. — Moberly  city  water  (resenxnr).  « 


Parts  per  million. 

Silica  (SiOj) 32 

Iron  (Fe) 15 

Calcium  (('a) 15 

Undetermined 21 


83 


Odorless,  tastelesH. 

Slightly  turbid,  and  of  yellowish  tint. 


It  contains  the  merest  trace  of  chlorine  and  ammonia;  no  nitric  acid;  no  albu- 
minoid ammonia.  The  only  life  that  could  be  determined  was  represented  by  speci- 
mens of  Cyclops  and  vesabia,  appearing  to  the  nake<l  eye  as  moving  specks. 

Analysis  15. — Monett  city  water,  March  2,  1904.  ^ 


Parts  per  million. 

Silica  (SiOa) 11 

Iron(Fe) 1.3 

.Vluminum  ( Al) 05 

Calcium  (Ca) 64 

Magnesium  (Mg) 7.5 

Sulphate  radicle  (SO^) 50 

CTilorine  (CI) 8. 2 


142.05 


Parts  per  million. 

Residue  on  evaporation 237 

Residue  on  ignition 212 

Color,  clear. 
Odor,  none. 


Analysis  16. — Nevada  city  water,  April  4,  1904.  ^ 


Parts  per  million. 

Silica  (SiOj) 10 

Iron  (Fe) 1.7 

Aluminum  (Al) .1 

Calcium  (Ca) 86 

Magnesium  (Mg) 39 

Sulphate  radicle  (SOJ 86 

Chlorine  (CI) 576 

798.  8 


Parts  per  million. 

Residue  on  evaporati(m 1,  319 

Residue  on  ignition 1  297 

Color,  very  clear. 
Odor,  none. 


Analysis  17. — Oregon  cUy  water ,  May  25,  1899. c 


Parts  per  million. 

Carbonate  radicle  (CO3) 235 

Sulphate  radicle  ( SO^) 14 

Chlorine(Cl) 16 


436.6 


Parts  per  million. 

Silica  (SiOa) 8.  6 

Iron  and  alumina  oxides  (FejOj-f 

AI2O3) 16 

Calcium  (Ca) 90 

Magnesium  (Mg) 40 

Sodium(Na)<i  17 

o  Analysis  by  Paul  Schweitzer.  Expressed  by  analyst  In  grains  per  gallon;  recomputed  to  Ionic 
form  and  parts  per  million  at  United  States  Geological  Survey. 

fc  BulL  Missouri  State  Board  of  Health,  vol.  1,  No.  4,  1904.  Exprpsst>d  ])y  analyst  In  hypothetical 
combinations;  recomputed  to  ionic  form  at  United  States  Geological  Survey. 

<■  Expressed  by  analyst  In  hypothetical  combinations;  recomputed  to  ionic  form  at  United  States 
Geological  Survey. 

'Sodium  and  potassium  calculated  as  sodium. 
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Analysis  18.  St.  Joseph  city  water. 

Parts  per  million.  ,  ParU  permilljon 

Albuminoid  ammonia 0. 55  Total  solids 5970 

Free  ammonia 04  '  Iron 5. 1 

Nitrogen  aa  nitratt* 35  Alkalinity 104 

Nitrogen  as  nitrites 0  Permanent  hardness 60 

Chlorine 11  Sulphuric  acid 0 

Oxygen  consumed 25  Carbonic  acid 8 


Appearance,  muddy;  odor,  none;  color,  250  F.  F.  M. 

Analysis  19.  Slater  r%ty  water,  January  29,  1904. « 


Parts  per  million.  <» 

Silica  (SiOj) 5  2 

Iron  (Fe) 1.7 

Aluminum  (Al) 05 

Calcium  (Ca) 83 

Magnesium  (Mg) 29 

Sulphate  radicle  (SO^) 67 

Chlorine  (CI) 166 


Part^permiliion.* 

Residue  on  evaporation 1% 

Residue  on  ignition 50S 


351.95 


Color,  very  clear;  odor,  none. 


Analysis  20.  Springfield  city  water,  Mcsy,  1905.  t> 


Parts  p>er  miliion.  ■ 

Silica  (SiO.) 9.4 

Iron  (Fe) 1.4 

Aluminum  (Al) 1 

Calcium  (Ca) 57 

Magnesium  (Mg) 4.2 

Sodium  (Na) 2.  6 

Potassium  ( K) Trace. 

Bicarbonate  radicle  (IICO3) 191 

Sulphate  radicle  ( SO^) 5. 8 

Chlorine  ((n) 3.9 


Parts  per  million 

Oxygen  consumed , 0.072 

Free  ammonia 1 

Albuminoid  ammonia 124 

Nitrogen  as  nitrates Trace 

Nitrogen  as  nitrites 0 

Temporary  hardness 165. 7 

Permanent  hardness 13. 6 

Total  hardness 179.3 

Total  dissolved  solids 214. 411 


75.4 


Color,  very  clear;  otlor,  none. 


Analysis  21.   Tarhio  city  water,  c 

DEEP  WELL. 


I  Parts  per  miilioc 

Temporary  hardness '^ 

Permanent  hardness 367 

Total  solids 1,442 


Parts  per  million. 

Chlorine Ill 

Free*  ammonia 8 

Albuminoid  ammonia 10 

Total  hardness 626 

oBull.  Missouri  State  Board  of  ITealtli,  vol.  1,  No.  4,  1904.    Recomputed  to  ionic  form  at  CmWl 
States  (Joological  Survey. 

b  Bull.  Bradley  Oeol.  Field  Station,  No.  11,  Drury  College.    Chemical  analysis  by  Miss  Kato  Lyow: 
sanitary  analysis  by  Miss  Etta  Little.    Recomputed  to  ionic  form  at  United  States  Geological  Sarv?y 

c  Analyses  by  Prof.  J.  ('.  Adair,  of  Tarltio  College.    See  p.  191  for  comments  on  the  large  amounts o( 
albuminoid  ammonia. 
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SURFACE  WELL. 

Parts  per  million,  i                                                        Parts  per  million. 

Chlorine 1.6       Temporary  hardness 142 

Albuminoid  ammonia 06  '  Permanent  hardness 40 

Total  hardness 182 

An.\lysis  22.    Trenton  city  water,  Fehniary  27,  1904.  « 


Parts  per  million. 

SiUca  (SiOj) 5. 5 

Iron  (Fe) 8.  6 

Aluminum  (Al) 1.4 

Calcium  (Ca) 22 

Magnesium  (Mg) 5. 3 

Sulphate  radicle  (SO^) 33 

Chlorine  (CI) 3. 1 


78.9 


Parts  per  million. 

Residue  on  evaporation *. . .  202 

Residue  on  ignition 175 

Oxygen  consumed 10. 3 

Free  ammonia 8 

Albuminoid  ammonia 6 

Nitrogen  as  nitrates 32 

Nitrogen  as  nitrites 0714 


Odor,  none. 


Analysis  23.   Warrensburg  city  water,  February  6,  1904.  o 


Parts  per  million. 

SiUca  (SiOa) 8. 8 

Iron(Fe) 2.3 

Aluminum  ( Al) 5 

Calcium  (Ca) 36 

Magnesium  (Mg) 8. 5 

Sulphate  radicle  (SOJ 35 

Chlorine(Cl) 6.1 


Parts  per  million. 

Residue  on  evaporation 168 

Oxygen  consumed 3. 4 

Free  ammonia 8 

Albuminoid  ammonia .3 

Nitrogen  as  nitrates 237 

Nitrogen  as  nitrites 0 


97.2 


Color,  clear;  odor,  none. 


Analysis  24.   Webb  city  and  Carterinlle  city  water,  February  26,  1904. « 


Parts  per  million. 

SUica  (SiOj) . .  : 76 

Iron(Fe) 2 

Aluminum  ( Al) 4 

Calcium  (Ca) 95 

Magnesium  (Mg) 7.3 

Sulphate  radicle  (SO J 202 


Parts  per  million. 

Residue  on  evaporation 412 

Residue  on  ignition 381 

Oxygen  consumed 1. 15 

Fre(»  ammonia 096 

Albuminoid  ammonia .22 

Nitrogen  as  nitrates 1. 56 


Clilorine  (H) 4.8  '  Nitrogen  as  nitrites 0 


387.  5 


Color,  clear;  odor,  none. 


MINERAL   WELLS. 


The  water  of  many  wells  is  so  highly  charo:ed  with  mineral  salts  as 
to  be  objectionable  for  general  use,  though  in  some  of  them  it  is 
extremely  valuable  from  a  medicinal  standpoint.  The  wells  at  Excel- 
sior Springs,  Canton,  Lagrange,  St.  Louis,  and  in  other  parts  of  the 


a  Bull.  Missouri  State  Board  of  Health,  vol.  1,  No.  4,  1904.    Recoraputod  to  ionic  form  at  United 
States  Geological  Survey. 
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StttU^  l>«*hjng  to  this  class*     la  regard  to  their  value  &»  thmifiru» 
fkgeiitB,  l>r.  Crook"  makes  the  foUomti^  statement: 

TU*?rt*  fxUt*  Bntong  m<flic'al  practitioners  in  fiie  United  t^iaicw  a  wifh^osWrt^] 
tioiflni  r(*g«niing  tiu*  metliriruil  valiu*  of  niinttml  wator?,     ThLn  itjcn^lality  is,  tin 
\m^H[  10  a  ctmsiclrrabU'  t^xU^nt  upon  a  sunu^what  jti#tirial>!<'  pru^jutiift*:  hiii  in*tin 
\w  tiuis  in  a  iiJiirU  j2fr*iil*T  cU-gr^e,  Ut  a  want  r>f  nirTi;*et  infii*rum!i*-»n'v    IftV^iD 
quninti'fl  wilU  lUr  minenil  t^pringp  advirtising  r.-ireulnr,     •    •    •    WI1131  iJic 
gpot  pmct  it  mn**r  K^aila  thitt  a  <?erljain  water  is  jxi^itivtfly  eonifxvf^  in  m  iwfBrtflf 
disnuv^  m.'t  furUi  in  d]vt*r^  PBgen  of  t^^limoniab  fntm  rcnovnUyi  jiyciHiitt^iL. 
clei|3fTi^^^'i?  '^^^^  rpjvivi'nuti*ri  ulti  ladic***,  nntl  ih<*n  learns  /rom  thoanaly:^!-  1 
taaii0  2  or  J^  ifn^iniN  a(  lim*'  s;ilt-s  tji  th*-  gnllun*  with  tht^  rrj^iiiiiinuii^  ini^nfdjF  ■ 
pf^hatJf«  n  IhirU  ur  AmrLli  <li*fiiiiiil  Mguri.'  U»  i^xpniss.  h«>  can  luircHy  1m*  libit. 
tUt*  t'irt'uUi  intiihia  w^^tnOi:wkct,  with  an  ohjargaiian  u[K>nqu{*r^kj<|ftt^m'rfi: 
fifnil-fl|»nngE^  r|Ujic*kf  in  purticulLir.     Yi*?  {bfM\mi^pr\'ativo  phymmc  will  ii;i 
digTi^^*'^tl  position  liptwci^tj  that  (>{  t)io  prett,'m  iotis  a*lvf'rtij*itii'Tit  whiAi  .i 
thing  uLid  that  of  t\w  rni^dieal  sikeptic  who  will  bfdieve  ni:)tliing 

TluTC  iw  iiu  donUl  that  inuch  benefit  is  drrivEn]  from  tomt^iflii 
liealtli  rej^orts  connected  TAith  mineral  springs  or  \vi*ll.4:  mi  rliitt 
^ri^at  tleal  of  it  is  undoubtedly  psycluc,  some  Ls  uiuiuestionahlvdyft* 
tbe  use  of  the  waters.  People*  who  are  broken  di»wn  from  uvi-nsufi 
or  wbit  are  tmuliltHl  with  many  ineipient  diseo^ses  find  At  ihv-^'  ^^ 
refit,  which  they  perhaps  can  not  get  elsewhere:  a  rhanj^i*  i*f  m:^^ 
environment;  pos#*ibly  a  change  in  LiLnmte  or  altitude;  pleHsHUiu*  I 
(iiitiiins;  distnu'tious  from  trouble;  an<l  tbey  use,  btith  inttninth  tiJ 
o\!oninll\.  |H'rht![js  n  niiirb  Ijirirev  iunuimi  uf  v\aur  rli^in  ^1^^  " 
llreir  I'M^hKO  ill  Iimhh-;  \\u^<r^  litorctlier  with  ruilh  in  !  hr  iiMtjtiv. 
lie^i^fllif  sSHlrf  i-iiHi' r\  crv  w  i>e  |ihy>irijHi  recnurii/j- tuitl^  .i*  ' 
I'll!  rlrnnni  in  nn-e  f .  f'iUMii  i\  >i  imMlii>  in  muure  iu  rlie  ivm.hh 
liMlintil  net  inn  in  Hie  huK'tioius  nf  the  ]un[\\ 

Tlir  l'n)hi\sin'i  iM!\stiineiM^  iire  tiiore  uv  h^s-  enniujnn  \\)  ili  ^''    ' 
rtiietl  ie>t(hie  nf  I  In*  unler^  ^i^  nilm-tal  welU  niul  sj^ritlL'*  in  ^l'^"' 
Hu'\   iwr  ilei'(\e(l  frnm  the  lo'iitin  of  ]^en'£*hiiinii  \^nti'rs  hnli"*^"'  - 
Mill   ]nnn\   nf  llje  \irjied  ^nh^Uinec-  nf  the  Hjrks  tlirnii^^li  \\)ji'hi' 

>lll'  :i.  .Mili:nr>lUIIl   <'lll'  'Vl'l- 

Ahiiiiin.i.  I\jl;i-~iiiiii  l.i(;n  1m  ,nji,  ^ 

I'"'  1  I'MI-    lilc.iri..  Ml;llc.  ■     Pnlas.-iuill   ^lllpli.il" 

l''.i  i-n-  Hil|.!i.ii,  .  Tt'las:-!!!!]!  cIiImi-i.I.-. 

M.iiiLMiiMii-  Li.  .1!  1m>ii.ii,-.  rol:i-~iiiiii  l.r.'itii.l.'. 

<  jh'i  niii  l-h  ,irln  .n.iii-  Sodiiim  carl  m  .n.i  i  (  . 

<  ,il'  nun  -iil|.li,ii.'.  Sn.liiiiii  .•hlt.'-i,!,  ^ 

<  .ill  mill  Hilpli  y.liii.'.  S(HliiiMi  -iilj.liah  . 

<  all  lillii   .  lil.M  h|.  lallnillii   rliluli'l.'. 

<  all  iiiiii   |ilh'-pliai.  .  (  )\\  L^rn. 
Ma-u.-iiiiii  l.icai  Inaiat--  <  ail'nn  <liM\iil.-. 
M;iuM)(Hiiiii  Mil].lijic.  ll\<lr<.L'.ii  -iilphi-l.-. 
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The  therapeutic  action  of  the  individual  elements  is  discussed  by 
Hessler.  ^ 

Sodium  chloride,  or  common  salt,  is  found  in  all  mineral  waters  in 
amounts  varying  from  a  mere  trace  up  to  several  thousand  grains  per 
gallon.  It  is  present  in  almost  even'  tissue  of  the  body,  and  a  cer- 
tain amount  is  required  to  keep  the  organs  in  a  healthy  condition. 
It  '* regulates  absorption,  nutrition,  and  secretion."  Internally,  '^it 
may  produce  an  increase  of  the  gastric  juice,  bile,  pancreatic  juice,  and 
intestinal  fluids,  promoting  the  appetite  and  assisting  digestion.^'  ^  It 
has  a  slight  aperient  effect  on  the  bowels  and  probably  tends  to  pre- 
Tent  intestinal  decomposition.  Its  presence  in  water,  in  a  nonsaline 
subsoil,  is  ordinarily  an  indication  of  sewage  contamination  as  the 
only  source  from  which  it  could  be  derived,  since  practically  all  of  the 
salt  taken  into  the  animal  body  is  passed  out  through  the  secretions. 

Sodium  sulphate,  or  Glauber  salts,  is  a  common  and  frequently 
abundant  constituent,  derived  from  the  Pennsylvanian  rocks  and  the 
Hannibal  shales  in  Missouri.  It  is  imessential  in  the  healthy  body. 
Hessler  says  r*^ 

Small  do84.*8  stimulate  the  intestinal  and  urinary  serretions,  larger  doses  are  laxative, 
and  still  larger  doses  are  cathartie.  *  *  *  This  salt  is  usc»ful  in  some  disordered 
conditionsof  the  digt^tive  tract — gastric,  hepatic,  and  intestinal.  *  *  *  In  certain 
dropsical  conditions,  aa  that  dependent  on  some  forms  of  heart  diseasis  it  may  give 
relief  by  helping  to  al>Htract  the  accumulated  fluid.  *  *  *  In  a  number  of  diseases 
the  use  of  water  containing  much  of  this  salt  must  be  avoided. 

Sodium  sulphate  occurs  in  considerable  quantities  in  the  B.  B.  min- 
eral spring,  the  Lineville  well,  and  the  Allen  well,  at  Versailles. 

Sodium  carbonate  is  found  in  the  human  body  in  the  blood  and 
saliva,  both  of  which  are  alkaline  in  character.  When  taken  into  the 
system,  these  alkaline  salts  neutralize  the  free  acids,  and  they  are  con- 
sidered valuable  in  some  cases  of  acid  dyspepsia  and  the  treatment 
of  gallstones.     According  to  Hessler  ** — 

The  bicarbonate  is  usually  prescribed.  It  is  useful  in  certain  affections  marked  by 
acid  conditions,  among  which  may  be  mentioned  mnm  of  the  fevers,  rheumatism,  gout, 
and  irritable  bladder,  particularly  if  this  irritation  be  due  to  the  acidity  of  the  urine, 
the  latter  becoming  alkaline  under  its  use.  In  uric-acid  conditions  the  potassium 
bicarbonate  is  to  be  preferred. 

The  presence  of  sodium  carbonate  in  water  may  sometimes  aggra- 
vate certain  diseases.  The  excessive  use  of  soda  will  almost  invari- 
ably derange  the  digestive  system. 

Potassium  sulphate  is  a  rare  constituent  of  the  mineral  waters  of 
Missoiu-i.  It  somewhat  resembles,  in  its  action,  sodium  and  magne- 
sium sulphate. 

o  Hessler.  Robert,  The  medicinal  properties  and  uses  of  Indiana  mineral  waters:  Twentj'-sixth  and 
twenty-seventh  Ann.  Repts.  Indiana  Dept.  CJeologj'  and  Nat.  Res.,  1903,  pp.  159,  et  seq. 
^Hesaier,  Robert,  op.  cit.,  p.  167. 
cOp.  cit.,  pp.  167-168. 
*Op.cit.,p.  \d8. 
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Calcimii  ctirboniitp  b  tlie  mast  imjihihoii  of  all  the  miniTal  eotetiu^ 
cnt^  t*f  watrrsi  of  tht*  Stute,  bein^  derives  I  from  I  hi?  s*ilulitjn  *rf 
UnieBtuiit^  ill  wliit  h  it  is  ftmnd.     It  \^  ''vhi^iXj  aot^icUi  ami  diuretAf. 

Catciuni  suli^hato  is  a  Ti^ry  common  eonalitufifit  of  haul  wit^pi. 
y  Uiftmlly  prc^Mmt  in  t^irutH  amount*!,  as  it  5s  not  readily  mb 
It  ha^  HI)  csjHMnnl  net  ion  on  the  syi4t*>iii. 

Ma|fHt*wiuni  sulphate  (EiMoni  salt^)  is  charartemtie  of  the  w 
from  thv  Pt'TUi^sylvaiiian  rorks  aiifi  the  HanniWI  shale.     It  is 
ill  ity  a4"ti<*n  ami  inon*  H^'n***al*l«^  to  the  ta^sto  Than  .soditmi  ^tilpbfttvi 
Glaiibt^r  ssaltH,  and  has  a  similar  cfTect  on  the  hunmn  gyijtem. 

Mft|;nc'siuni  ctirbonatf*  is  usually  found  in  Nuiall  quantities 
wtilc'i-s  4>f  the  mai^iesiurii  liiiK'Ston**^  (duluriiiti**;)  thiit  an*  i*<i 
thmiJj?h  iluMH^itnil  and  Hunthi»astfm  parts  of  the  State,    Ilk 
iintarid. 

Inm,  usually  the  bicarbonate^  is  almost  alwavii  prifsent  in  iri 
eitJierin  minuto  trucfj-s  or  in  small  apjHiM  iablc  amotnil.%.    hi  tk 
ea^  it  forniH  the  important  const  it  itent  of  chalybeate  qinqp 
wells*     The  irnpi»rtiuicc  (»f  iron  as  a  tonic  need  not  here  b« 
sized.     '*In  many  aircctions^  nutnbly  in  alterations  of  iht*  bUtcwl, 
waters  uuiy  bt*  of  derided  benefit/*" 

Inm  sulphate  i.s  sometime**  found  in  the  wat-en*  deriveil  frnm 
ahalf^  of  the  Penn«ylvaniftn  series.     It  is  hm  palatable  end 
asi  rini^^ent  lluiii  thi-  hirnrlKirmtc,  and  wIhmi  in  t'\rr^<i  l^  hu  nhjt^rf  inrmbfe 
roiislil  \\r\i\ 

A  III  I II  in  urn  >iil|>hnh'  p<  fnuiHl  fiul  ivM'i'lv  ,  nud  Sn  Wittt-v  denri^l  fr^t 
ilir  l'rhn>\  h  jiiiiEin  ,^lHdc%.  *y\\v  \\ii\vr  I'muu  Hi**  Vcr-^nillt^-- wlM^fi  ^^'H. 
ih  MiMiirid  rniinT_\.  i'ouL-nn>  \:J7'f  pnH>  per  iniiliMn  Ii  sd^-i'^'ivu^:; 
iJMc  ni  I  III'  -priiij.^^  f^l'  Hif*  i  rfavdnii  ^niMlf^  in  I*nlk  (  Miuil>  .  AImii  '^* 
svv\  '-\\uiv^i\^\vnrji'\^\  JnH  lins  no  ul  hrr  deJiiiile  T  liora]>i  nlir  t  hjUTJ'*** 

rnrlionir  jMhi  iiii<  1^  rrrf|uentl\   found  in  tuinrrjd  ^Mncr--  m  h  ^-j 
suni-nHf-,      h    lM^^  !i  >iinniin!i:  ell'eei   ori  \\\r  rimiiPn^  !in^!M^'rjiin'    if  "^ 
r^loiJOM  h  nnd  lend^  In  n\in\  nausea, 

llydfiFL^Mn  'i;l]ilu!li'  !>  n  )j:n>  \mv\ivj.  llie  od'^r  i>f  rt»TTin  i'l!v'^>  ;ilMt  -^ 
roiniHoii  (HU^iiiM'^ni  nl'  ilir  ^n*ralled  >^nlptinr  watri-  [t  i- i|irur>t'- 
W  llii-  •j.!i-.  i-peiijillv  uhr^n  (he  anioinil  Usnnll\  tnji^-Nd  v\if*i  : 
\\u\v\  i-  r'"li*i(|i[V(Uui^  any  iulluenei^  nil  ihr  biidv  ni  is  m1  jiuv  nvurnT: 
hciirjii  in  lirN^tiM^d  t^oiiditii^t^.  l\rd  rxhanalh  .  i(  nin\  lja\^  -«*r' 
iiilliiciicr  in  cell  ;iln  ^kni  d  i-c.-i-^c^. 

\\,ii:ii  ^';lj.!iiii    iM^ii-   ;ii,i;.    i-    u- ml   in  .■lirnnic  l<'a<i  ])"i>"!iihj.  .i-  •]..,•     i  ;     • 
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BLOWING  WELLS. 

There  is  a  blowing  well  in  Camden  County,  near  Decaturville,  and 
one  of  greater  interest  on  the  farm  of  J.  B.  Murphy,  near  Raymond- 
ville,  Texas  County.  This  well,  which  is  on  a  hill,  was  drilled  in  1899 
to  a  depth  of  187  feet.  Soft  water  was  struck  at  the  bottom  and  rose 
7  feet  in  the  well.  In  a  dry  time,  especially  in  the  winter,  the  well 
becomes  dry.  In  drilling  it,  a  cave  3  feet  high  was  struck  at  a  depth 
of  100  feet.  When  the  well  is  drj%  if  there  is  a  long  prevailing  wdnd 
from  the  north,  a  current  of  air  rushes  from  the  pipe  strong  enough 
to  blow  the  cap  from  the  tubing.  This  fact  illustrates  the  honey- 
combed and  cavernous  nature  of  the  rocks  in  this  region.  About  10 
miles  to  the  north,  in  the  valley  of  Ashley  Creek,  is  what  Schoolcraft 
described  in  the  account  of  his  trip  through  this  region  in  1818  as  *^  the 
valley  of  caves."  Here  in  the  eroded  bluffs  may  be  seen  numerous 
eaves  which  testify  to  the  great  amount  of  underground  drainage,  and 
through  which  probably  the  prevailing  winds  are  sucked  underground 
and  carried  for  long  distances. 

The  traveler  passing  south  from  the  crest  of  the  Ozark  plateau, 
crosses  a  belt  throughout  which  sink  holes  prevail,  a  fact  noticed 
by  Schoolcraft,  who  refers  to  the  locality  as  '*the  prairie  of  little 
lakes."  The  large  amount  of  water  that  soaks  into  the  catchment 
basin  of  the  Ozark  dome  quickly  begins  its  work  of  solution  by  form- 
ing underground  cavernous  waterways,  manifested  at  the  surface  in 
numerous  places  by  sink  holes,  many  of  which  form  ponds.  The 
gradual  evolution  of  valleys  by  the  cutting  out  of  strata  and  the  merg- 
ing of  these  sink  holes  into  continuous  gorges  can  not  be  fully  dis- 
cussed here,  but  it  is  a  most  interesting  phase  of  underground  drain- 
age. In  some  cases  a  section  of  the  barrier  between  two  sink  holes 
resists  erosion  and  an  arch  is  left  which  forms  a  natural  bridge.  A 
beautiful  illustration  of  this  kind  of  erosion  is  found  on  Sinking  Creek, 
Shannon  County,  where  the  large  stream  runs  through  a  tortuous 
2:orge  formed  by  the  undermining  and  washing  out  of  a  chain  of  sink 
aoles.  In  one  part  of  its  course  it  meets  a  barrier  of  which  only  the 
ower  portion  is  removed,  and  thus  is  formed  the  unusual  natural 
'eature  of  a  stream  running  under  a  mountain  and  continuing  its 
course  through  an  eroded  gorge  on  the  other  side.  The  channel  of 
his  stream  is  40  feet  deep,  and  one  may  easily  ride  in  a  boat  through 
ts  course  under  the  mountain.  The  accompanying  illustration  (PI. 
VI,  By  p.  80)  shows  this  underground  channel. 

Where  normal  valleys  cut  at  right  angles  across  the  line  of  drainage, 
IS  in  *'the  valley  of  caves,^'  there  may  be  had  a  glimpse  of  a  cross  sec- 
ion  showing  the  vast  amount  of  underdrainage  along  the  south  slopes 
yf  the  Ozarks.     Farther  south,  in  Shannon  and  adjoining  counties,  are 
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some  of  the  outlets  of  this  deeper  system  of  underground  drainage, 
manifested  in  springs  which  are  probably  the  largest  in  the  world. 
The  enormous  deeper  seated  drainage  passes  underneath  the  embay- 
ment  area  and  helps  to  form  the  artesian  basin. 

The  numerous  cases  of  cold-air  drafts  from  caves,  springs,  and 
drill  wells  are  easily  explained  when  the  geologic  structure  of  the 
region  is  studied. 
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list  of 43 

Artesian  wells,  conditions  requisite  for 3-5 

conditions  requisite  for,  figure  showing.         4 

distribution  of 1 

flow  of 5-7 

history  of .' 2-3 

location  of,  map  showing 6 

pressure  in 5 

uses  of 6, 193 

water  of,  minerals  in 4, 5 

Artois,  France,  *'  artesian"  derived  from ...         2 

Ash  Grove,  well  at 128-129 

well  at,  record  of 128-129 

rocks  in ... , 34 

Ashley  Creek,  caves  on 213 

Atchison  County,  rainfall  in 7 

wells  in 187-192 

location  of,  map  showing 189 

records  of !.  188, 189 

Audrain  County,  rainfall  In 7 

weUln 72-73 

record  of 72 

water  of,  analysis  of 73 

Aurora,  spring  at 200 

watqr  supply  at 200 

analysis  of 204 

well  at 143-144 

well  at,  record  of 144 

water  of,  analyses  of 144 

Aarora  Springs,  well  near 110 

IRB  195—07 15 


B.  Page. 

Bailey  limestone,  character  and  dlstributUn 

of 12,18 

Bainbridge  limestone,  character  and  distri- 
bution of 12, 18 

Bakersfield,  well  at,  record  of 152 

Ball,  S.  H.,  and  Smith,  A.  F.,  on  Miller 

Countywells 92 

Barry,  111.,  well  at,  rocks  in 43 

Barry  (^ounty ,  rainfall  in 7 

wells  in ^126 

record  of 126 

Barton  County,  rainfall  in 7 

wells  in 1 12-1 13 

record  of 112 

Basins,  artesian  wells  in 4-5 

artesian  wells  in,  figure  showing 4 

Bates  CQunty,  rainfall  in 7 

rocks  in 23 

Benton,  wells  at 179-181 

wells  at,  record  of 180 

water  of,  analysis  cf 181 

Benton  County,  rainfall  in 7 

Bethany,  water  supply  at. . . , 200 

well  at 61 

well  at,  record  of 61 

Big  Lake,  Ark.,  wells  at,  water  cf,  analyses 

of 186 

Big  Salt  Spring,  description  <'f 81 

view  of 80 

Birdsville  formation,  character  and  distri- 
bution of 12, 18,22 

Bismarck,  springs  at 172 

wells  at 171-172 

Blowing  wells,  occurrence  and  description 

of 213-214 

Bluff  formation ,  correlation  t  f 25 

Bluff  Spring,  well  at 95 

Boilers,  effect  on,  of  hardness  In  water 196-198 

Bolin  Creek  member,  correlation  cf 15 

Bolivar,  water  supply  at 200 

Bolivar  sandstone,  correlation  of 16 

Bollinger  County,  rainfall  in 1 

Bonneterre,  water  supply  at 200 

Bonne terre  limestone,  character  and  distri- 
bution of 12, 14 

water  in 14 

Boone  County,  rainfall  in 7 

well  in,  record  of 73 

Booneville,  water  supply  at 200 

BoonsUck,  spring  at 81-83 

spring  at,  water  of,  analysis  of 82 

wells  at 78-83 
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BoonsUck.wf^Us  At.  record  of 37.79-80 

wells  at ,  water  of,  anAl jsis  of 80. 82 

Bowling  Green,  water  supply  at 200 

water  supply  at,  analysis  of 204 

Braymer,  well  near,  record  of 56 

well  near,  rocks  in 33 

Bridgeton,  well  near,  record  of 139 

Brine  wells,  conditions  for 4-5 

occurrence  of 31 

Broadhead.  G.  Con  Missouri  weUs...  3l,l»i2-163 
Brookfleld,  water  supply  at 200 

well  at,  record  of (i»i 

water  of.  anjUysis  of 204 

Brunswick,  water  supply  at 200 

wells  at 75-76 

rocks  in 31 .  33. 7t> 

water  of.  analysis  of 76 

Brunswick  (Mo.t-Glenwoo<l  (lowat  section, 

description  of 29-Zl 

plate  showing 30 

Buchanan'County.  rainfall  in 7 

Burfordvillf,  well  at.  record  Of 166 

Burlington  Junction,  well  at 70-71 

well  at,  record  of 30.70-71 

Burlfbgton  limestone,  caves  in 21 

character  and  distriimtion  of..  12. 18,20-21.28 

deposit  ion  of 28 

view  of 20 

water  in 4,20-21 

Butler,  water  supply  at 200 

Butler  County,  raiufall  in 7 

rocks  in 12 

wells  in 174 

•      C. 

Cairo,  III.,  wells  at,  record  of >..  181 

wells  at .  rocks  in 24 

Cairo  (111. (-Doniphan   (Mo.)   section,  de- 
script  ion  of 35-36 

plate  showing 36 

Calcium  salts,  occurri'neo  of 212 

Caldwell  County,  rainfall  in 7 

well  in.  record  of 56 

rocks  in 33 

California,  wells  near *C-93 

wells  near.  rec*>nl  of S«3 

Callaway  County,  rainfall  in 7 

rocks  in 22 

wells  In I 74-75 

roconli  of 74-75 

water  of.  analvMs  of ;o 

Callaway  limestone.  char.i<'ter  an<l  distribu- 
tion of IJ.IS 

Cambrian  rocks,  character  and  distribution 

of 12. 1.M4 

Cambrian  time.  histor>-  in 2t>-27 

Cambro-Ordovioian    nxks,   character   and 

distribution  of 14-17 

Cambro-Oniovician  time,  hi-*tory  of 26-27 

Camden  Count  y ,  rainfall  in 7 

rocks  in l.'i.  l,'i.27 

wells  of 107-IOh 

Cameron,  w  ater  supply  at 200 

Campltell.  well  at 174-175 

well  at.  rpcord  of 175 

rocks  in 24. 25 


Canton,  water  supply  at 20C 

well  at 45-¥ 

rocks  in c 

water  of.  analysis  of 44. 4^ 

Cap  au  Grfs  sandstone,  correlation  of If 

Cape  Girardeau,  water  supply  at 20C 

Cape  Girardeau  County,  rainfall  in 7 

rocks  in 27 

well  in,  record  of !«*» 

Caps  Creek,  view  on 20 

Carbonic^acid  gas,  occurrence  of 212 

Carboniferous  rocks,  character  and  distribu- 
tion of lH-24 

C^ rboniferous  time,  history  of 27-> 

Cari  Junction,  wells  at IM 

CarroU  County,  rainfall  in 7 

wells  in 57-:* 

records  of 57,  > 

rocks  in 30 

CarroUton,  water  supply  at 3» 

well  at,  record  of 57 

water  of .  analysis  of 2(M 

Carter  County,  rainfall  in 7 

rocks  in 12 

wen  at Ib7 

record  of I*'7 

CarterNiUe,  spring  at 3a? 

water  supply  at 200.2O3 

analysis  of 2w 

well  at m 

welliat,  water  of,  analysis  of 134 

Carthage,  section  through,  description  of .    3M0 

section  through,  plate  showing >> 

water  supply  at 200 

analysis  of 204 

weUat 1J5 

record  of 40. 133 

Caruthersville,  water  supply  at »0 

wells  at 177-l7^ 

wdls  at,  record  of I7> 

rocks  in 2.i 

Carver,  well  nearv 107 

Cass  County,  rainfall  in 7 

rocks  in 24 

wells  in llMH 

record  of 113-114 

water  ot  analysis  of lU 

Cedar  City,  well  at 74 

Cedar  County,  rainfall  in 7 

rocks  in \K^ 

Cedar  Gap,  rocks  at i4 

Chariton  County,  rainfall  in 7 

wells  in 75-7: 

rocks  In 31, 33. 7t. 

water  of,  analysis  of 76,77 

Charieston,  water  supply  at 3* 

Chattanooga  ahale,  character  and  distribu- 
tion of 12,1\27 

Cherokee  shale,  character  and  distributioii 

of 12.23 

correlationot 21 

coal  in : 23 

Chester  group,  character  and  distribution 

of riKi 

Chicago,  water  supply  of 1^» 

Chillicothe,  water  supply  at 3W 

water  supply  at,  analysis  of ai^ 
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fhillicothe,  well  near,  record  of 30»67 

Chitwood.  well  at 13&-136 

well  at,  record  of 130 

Chouteau  limestone,  character  and  distribu- 
tion of 12,18,20 

water  In . ." 20 

Christian  County,  rainfall  in 7 

rocks  in 22,28 

wells  in 126 

City  water  supplies,  consumption  of 199 

tlescriptions  of 198-2C9 

quality  of 194-19S 

sources  of 192-193 

use  of  artesian  water  for 193 

Sfe  also  Water. 

CUrence,  water  supply  at 290 

Clark  County,  rainfall  in 7 

wells  in 44-45 

record  of 44 

Clay  County,  rainfall  in 7 

wells  in 58-60 

record  of 60 

water  of,  analysis  of 59 

Ipar  Creek  chert,  character  and  distribu- 
tion of 12,18 

Cleveland,  water  supply  of 193 

Clioton,  artesian  district  at,  map  of 115 

water  supply  of 200 

wells  at 115-119 

records  of 39,115-116,118 

water  of,  analysis  of 116-119 

Clinton  County,  rainfall  in 7 

Clinton-Nevada  district,  underground  water 

in 111-112 

wells  in,  by  counties 112-125 

Cliquot,  wells  near HI 

Coal,  occurrence  of 23, 28, 30 

Cole  Camp  sandstone,  correlation  of 14 

Cole  County,  rainfall  in 7 

wells  in 77-78 

record  of 77 

Columbia,  water  supply  at 200 

well  near,  record  of 73 

Columbia  clay,  character  and  distribution 

of 12.25 

Comet,  well  at 144-1 45 

well  at,  record  of 145 

Commerce,  water  supply  at 200 

Concordia,  water  supply  at 200 

Conglomerate,  occurrence  and  character  of.  25,28 

Cooper  County,  rainfall  in 7 

Corry,  well  at 145 

Crawford  County,  rainfall  in 7 

rocks  in 12 

Cretaceous  rocks,  character  and  distribution 

of 24 

Crook,  James  R..  on  mineral  waters 210 

Cross  Timbers,  wells  near 109 

wells  near,  water  of,  analysis  of 109 

Crowleys  Ridge,  topography  of 9, 10, 34 

Crystal  City  sandstone,  correlation  of 16 

Cypress  sandstone,  character  and  distribu- 
tion of 12,18,22 

water  in '22 


D.  Page. 

DadeCounty.  rainfall  in 7 

rocks  in 22 

Dallas  County,  rainfall  in 7 

rocks  in 15 

Daviess  County,  rainfall  In 7 

well  in ^....        60 

Dawn,  well  near 33 

De  Soto,  water  supply  at 200 

weUsat 16S-170 

Decaturville,  blowing  well  near 213 

wells  at  and  near 107-108 

rocks  in 32 

Decaturville   dome   district,  wells    of,  by 

counties 107-111 

Decaturville  limestone,  correlation  of 14 

Dekalb  County,  rainfall  in 7 

Dent  County,  rainfallin 7 

wells  in 127-128 

records  of 127-128 

Des  Moines  group,  character  and  distribu- 
tion of 12,22-24 

water  in 31 

Devonian  rocks,  character  and  distribution 

of 18 

Devonian  time,  history  of 27 

Dexter,  water  supply  at COO 

Diabase,  dikes  of 13 

Diamond,  wells  at,  records  of 148-143 

Districts,  artesian,  descriptions  of <3-ir2 

list  of <Z 

Districts,  topographic,  descriptions  of 7-11 

locations  of,  map  showing 8 

Doniphan    (Mo.>-Cairo   (111.)    section,   de- 
scription of 35-36 

plate  showing 36 

Doniphan    (Mo.)-Hickman    (Ky.)    section, 

description  of 35 

plate  showing 30 

Douglas  County,  rainfall  in 7 

rocks  in 15 

Drainage,  description  of 8-10 

Drexel,  well  at 113 

well  at.  water  of,  analysis  of 1 13 

Drift-well  district,  wells  of,  by  counties..  1S7-192 

Duenweg,  well  at,  record  of 13J 

Dunkin  County,  rainfall  In 7 

wells  in 174-175 

records  of 175 

Dyersburg,  Tenn.,  well  at 1S2 

well  at,  record  of 182 

E. 

Earthquake,  sand  vented  by 25 

Edgar  Springs,  well  near,  record  of 152 

Eldorado  Springs,  water  supply  at 201 

Elvins  formation,  character  and  distribu- 
tion of 12,14 

Encrinital  limestone,  correlation  of 21 

Epsom  salts,  occurrence  of 212 

Eudora  Springs,  sandstone  at,  view  of 20 

Eugj'ne,  well  near,  record  of 77 

Excelsior  Springs,  water  supply  at 201 

water  supply  at,  analysis  of 205 

wells  at 5.^-59 

water  of,  analyses  of 59 
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F.  Pagp. 

Fannington,  water  supply  at 201 

Faolting,  artesian  conditions  due  to 5 

Fayette,  water  supply  at 201 

well  at 83-«4 

record  of 83 

rcicks  in 37 

water  of,  analysis  of 84 

Ferguson,  water  supply  at -. . .      201 

FInley  limestone,  correlation  of 16 

First  Magnesian  limestone,  correlation  of..       17 

First  sandstone,  correlation  of 16 

Folley  limestone,  correlation  of 17 

Forest  City,  well  at,  record  of 33, 62-65 

Forest  City-8t.  Louis  section,  description  of.  33-34 

plate  showing ,  30 

Fort  Scott  limeatone,  correlation  of 23 

Fortuna.  wells  at  and  near 94-95 

wells  at  and   near,  location   of,   plan 

showing 94 

record  of 95 

Fossils,  occurrence  of 14,28 

Fourth  Magnesian  limestone,  correlation  of.       14 

Franklin  County,  rainfall  in 7 

weUsIn 155-157 

record  of 156 

Fredericktown,  wells  at 170-171 

Fredericktown  dolomite,  correlation  of 14 

Fuller,  M.  X.,  work  In  charge  of 2 

Vulton,  water  supply  at 201 

wells  at 74-75 

wells  at,  records  of 74-75 

water  of,  analysis  of 75, 206 

G. 

Gallatin,  water  supply  at 201 

well  near 60 

Gas  wells,  comparison  of  artesian  wells  and.         3 

Gasconade  County,  rainfall  in 7 

Gasconade  limestone,  character  and  distri- 
bution of 12,14-15 

water  in 15 

Gentry  County,  rainfall  in 7 

well  In,  rocks  in 30 

Gentr>nMllo.  well  at,  rocks  in 30 

Geologic  history,  account  of 26-29 

eras  of 11 

Geologic  map  of  Missouri 6 

Geologic  sections,  descriptions  of 29-43 

plates  showing 30.36 

Geolog>',  account  of 11-43 

See  also  Geologic  history;  Rock  forma- 
tions;   Geologic   sections:    Geo- 
logic map.  . 
Girardeau  limestone,  character  and  distri- 
bution of 12,17 

Glasgow,  water  supply  at 201 

Glaul)er  salts,  occurrence  of 211 

Glenn,  L.  C,  on  Porters  Creek  formation. . .        25 

Glenstead.  well  at 95 

Glen  wood,  Iowa,  well  at,  record  of 29 

Glen  wood  ( Iowa  i -Brunswick  (Mo.)  section, 

description  of 29-31 

plate  showing 30 

Godfrey,  111.,  well  at,  rocks  In 41 

Goodson,  well  near Ill 

Granby,  water  supply  at ■    201 


P««e. 

Gnmdin,  w«Uat 167 

well  at,  record  of 167 

Granite  City,  IlL,  weUat 157-158 

well  at,  record  of 157 

Grant  City,  water  supply  at 301 

Graydon  sandstone,  character  and  distribu- 

Uonof 12,22-23.28 

view  of 20 

water  in 23 

Greene  County,  rainfaU  In 7 

rocks  in 19.22.28 

weUsin 128 

recordsof 128-129,131-133 

water  of ,  analysis  of 130 

Greenville  (lU.)-Paciflc  (Mo.)   section,  de- 
scription of 41 

plate  showing ^ 

Grundy  County,  rainf all  in 7 

Gunter  sandstone,  correlation  of II 

Gunters.  wells  near IC* 

H. 

Hahatonka  Lake.  weU  near 108 

Hale,  well  at,  rocks  In 30 

Hannibal,  water  supply  at 301 

weUsat 48-» 

^rellsat,  records  of 42,49 

water  of,  analyses  of 49.50 

Hannibal  formation,  character  and  distribu- 
tion of 12,18,19-30 

deposition  of 27 

water  in 4,19-30 

Hannibal-Higglnsville  section,  description 

of 37-3S 

plate  showing K 

Hardness,  causes  and  effects  of 196-lW 

Harrison  County,  rainfall  in 7 

weUin «l 

record  of 61 

Haworth,  Brasmus,  on  Iron  Mountain  por- 
phyry       13 

Henrietta  limestone,  character  and  distribu- 
tion of 12,23 

water  In 23 

Henry  County,  rainfall  in 7 

wells  in 114-119 

records  of 115-116.118 

water  of.  analyses  of llfr-119 

Hermann,  water  supply  at 301 

Hessler.  Robert,  on  mineral  waters 211.212 

Hickman.  Ky.,  well  at,  record  of 3M81 

rocks  in 25 

I  Hickman   (Ky.) -Doniphan   (Mo.)    section, 

description  of 35 

plate  showing » 

Hickory  County.  rainlalTin 7 

weUsin Wi-lW 

water  of ,  anatysls  of VB 

,  Hickory  Hills,  wells  near 7% 

Higbee,  water  supply  at JOI 

well  at,  record  of Wl 

rocks  in 33 

Higginsville,  water  suppHy  at 301 

weUat $MT 

recordof ».38.fl 

water  of,  analysis  of aC5 
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HjgginsTille-Hiuinibal  section,  description 

of 37^38 

pUte  showing 36 

Hdden,  water  supply  at 201 

Hdt  County,  ralnlaU  in 7 

weUin 192 

record  of 62-66 

rocks  in 33 

Howard  County,  rainfall  in 7  j 

springs  in 81-83 

weUsin 78-84 

records  of 79-80, 83 

rooks  in 37 

water  of,  analyses  of 81,82,84 

Howell  County,  rainfall  in 7 

rocks  in 28 

well  in,  record  of 134 

Hugheaville,  well  at.  record  of 95 

HuntsviUe,  water  supply  at 201 

Hydrogen  sulphide,  occurrence  of 212 

I. 

Iberia,  well  near 110 

Igneous  rocks,  character  and  distribution  of  12-13 

Illinois,  wells  in 157-159,181 

-WeUs  in,  records  of 36, 157. 158-150, 181 

Independence,  water  supply  at 201 

Iron  County,  rainfall  in 7 

rocks  in 12 

wells  In 168 

Iron   Mountain   porphyry,  character  and 

distribution  of 12, 13 

Iron  salta,  occurrence  of '. .      212 

Ironton,  wells  at 168 


Jackson,  water  supply  at 201 

Jackson  County,  rainfall  in 7 

wellain 84-86 

records  of 84-85,86 

rocks  in 31-32 

Jasper  County,  rainfall  in 7 

rocks  in 19 

Jefferson  City,  water  supply  at 201 

Jefferson  City'limestone,  character  and  dis- 
tribution of 12, 14, 15-16 

Tiew  of 14 

water  in 16 

Jefferson  County,  rainfall  in 7 

weUs  in 168-170 

record  of 157 

Joaquim  limestone,  character  and  distribu- 
tion of 12, 14, 17 

Johnson  County,  rainfall  in 7 

well  in,  record  of 86 

Jonesboro,  Ark.,  wells  at 182 

Joplin,  water  supply  at 201 

wells  at 136-lo9 

record  of 136, 139 

water  of,  analyses  cf 137-139,206 


Kahoka,  water  supply  at 201 

well  at 44-45 

record  of 44 

Kansas  City,  water  supply  at 201 

wells  at  and  near,  records  of 3l,84-S5 
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Kansas  City-Lebanon  section,  description 

of 31-32 

plate  showing 30 

Kearney,  well  at,  record  of (0 

Kentucky,  wells  in 181-182 

wells  In,  record  of 181 

Keokuk,  Iowa,  well  at,  record  of 42 

Keokuk  (lowa)-St.  Louis  (Mo.)  section,  de- 
scription of 4!-43 

plate  showing 36 

Keokuk  limestone,  character  and  distribu- 
tion of 12, 18. 21 ,  28 

deposition  of 28 

water  In 21 

Key  sandstone,  correlation  of 16 

Keyes,  C.  R.,  on  Archean  rocks 12-13 

on  St.  Louis  limestone 22 

Kimmswick,  well  at,  record  of 157 

Klmmswick  limestone,  character  and  dis- 
tribution of 12, 17 

King  limestone,  occurrence  of 19 

Kirksville,  water  supply  at 201 

water  supply  at,  analysis  of 206 

well  at,  record  of L5 

Klrkwood.  water  supply  at 201 

Knob  Lick  granite,  character  and  distribu- 
tion of 12,13 

Knox  County,  rainfall  in 7 

L. 

La  Motte  sandstone,  character  and  distri- 
bution of 13-14 

Laclede  County,  rainfall  fn 7 

wells  in 141-143 

records  of 142-143 

Lafayette  County,  rainfall  in 7 

rocks  in 23 

wells  in 80-87 

record  of ^7 

Lafayette  gravel,  character  and  distribution 

of 12.25 

deposition  of 29 

Lagrange,  well  at 46-48 

well  at,  records  of 47 

rocks  in 42 

water  of,  analyses  of 44, 47, 48 

Lagrange  formation,  character  and  distri- 
bution of 12. 25 

water  in 25 

Lamar,  water  supply  at 201 

Lanagan,  wells  at 146 

wells  at,  water  of,  analyses  of 1<6 

Lawrence  County,  rainfall  in 7 

rocks  in 19,22 

wells  in 143 

records  of 144, 145 

V        water  of,  analysis  of 144 

Lebanon,  water  supply  at 201 

wells  at 141-143 

records  of... 32,142-143 

rocks  in 16 

water  of,  analysis  of 206 

Lebanon-Kansas  City  section,  description 

of 31-32 

plate  showing 30 

Leeton,  well  in,  record  of 86 
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Lewis  County,  rainfall  in 7 

wellain 45-48 

recorda  of 47 

rocks  in 42 

water  of,  analyses  of 46, 47, 48 

Lexington,  water  supply  at 201 

Lincoln  County,  rainfall  in 7 

rocks  in 16,42 

wellsin 48 

water  of,  analysis  of 48  ' 

Lincoln  Ridge  district,  location  of,  figure 

showing 8 

topography  of 10-11 

Lineville  well  near 68 

well  neari  record  of 68 

water  of,  analysis'of 69 

Lingulella  lambomi  Meek,  occurren  e  of 14 

Linn  County,  rainfall  in 7 

wells  in,  records  of 66 

Lithographic  limestone,  correlation  of 18 

Litton,  A.,  on  well  at  St.  Louis 160-162 

Livingston  County,  rainfall  in 7 

weUsin 67-68  , 

record  of 67  I 

rocks  in 30  j 

water  of,  analysis  of 68  i 

London,  England,  water  supply  of 193  I 

Louisiana,  water  supply  at 202  i 

wellat 52-53 

record  of 52 

rocks  in 37,42  | 

water  of,  analyses  of 42, 53 

Louisiana  limestone,  character  and  distri- 
bution of 12, 18-19 

Loui.siana-Ple^sant    UiU   section,    U«^s  rip- 

tionof 36-37 

plate  showing 36 

Louisville,  Ky. ,  artesian  well  at 3 

Luebbering,  well  at,  record  of 156 


M. 


McDonald  County,  rainfall  in 7 

wellsin 146-148 

records  of 147 

water  of,  analysts  ct 146 

McGee,  W  J,  on  Macon  w(  11 88-89' 

Macon,  water  supply  ut 202 

wells  at 91-92* 

record  of 91 

ro<,ks  in 39 

Macon  County,  rainfall  in 7 

weUs  in 8M)1 ' 

FMords  of 89, 90. 91 

rot  ks  in 39 

Madison  County,  111.,  well  in 157-158 

well  in,  record  of 157 

Madison  County,  Mo.,  rainfall  in 7 

rocks  in 12 

wplls  in 170-171 

Magnesium  salts,  occurrence  of 212 

Maiden,  water  supply  at 202 

Malta  Bend,  wcU  at 104-105 

well  at,  record  of 38,  lOi 

Manchester,  England,  water  supply  of 193 

Maquoketa  shale,  character  and  distribu- 
tion of 12, 17, 27 


PJift 

Marais  des  Cygnes  shale,  correlation  of ii 

Marbut,  onCrowleys  Ridge 10 

on  Des  Moines  group 2i 

Maries  County,  rainfall  in ' 

rocks  in 1'^ 

Marion  County,  rainfall  In 7 

rockain \9  ^} 

wellsin ♦^"■O 

record  of ♦'.^I 

rocks  in t.' 

water  of,  analyses  of 49.  JO  '^l 

Marked  Tree,  Ark.,  si^tion  at.  ret ord  of . . . .      i5 

wellat ISJ  i^J 

record  of i^* 

water  of,  analysis  of W 

Marshall,  water  supply  at....' ^ 

water  supply  at,  analysis  of >> 

Marshfield  sandstone,  correlation  of ^ 

Maryville,  water  supply  at 3t' 

wellat '' 

Matherly  Bluff,  view  of H 

Memphis,  Tenn.,  water  supply  of IW.SC 

wells  at lO-I^ 

record  of l^ 

rockain ^ 

Memphis  (Tenn.)-Arcadia  (Kans.)  section. 

description  of i^<>-'' 

piate  showing * 

Meramec  Highlands,  water  supply  at. ^ 

Mercer  County,  rainfall  in ■ 

rocks  in -< 

walla  in ^'^ 

records  of ^ "" 

water  of ,  analysis  of "^ 

Mesozoic  time,  history  of ^■' 

Mexico,  water  supply  at 3- 

well  at,  record  of 3J  *• 

water  of,  analysis  of ** 

Miller  County,  rainfall  in ' 

rocks  in 15.2:^ 

wellsin 77-78.W-«ll^ 

record  of ^^ 

Mineral  salts,  occurrence  of,  in  artesian 

water < 

5,19,31,44,59,81-83, 103,104.309^-'' 
Mineral  springs,  occurrence  of . . .  59,81-ffl.  MB  '^'1 

Mississippi  County,  Ark.,  weUs  in l<^  1^' 

wells  in,  water  of,  analyses  of '* 

Mississippi  County,  Mo. .  rainfall  Li ' 

Mississippian  rocks,  charact^^r  and  distiiba- 

tionof 1^- 

Missouri,  growth  of ; 

rainfall  in '  ' 

wells  of ' 

Missouri  group,  character  and  distribution 

of 12.2^*< 

water  in *' 

Missouri  River,  development  of ™ 

Mobeily,  water  supply  at **^ 

water  supply  at,  analysis  of ^'' 

weUat l<B->^ 

record  of ».1«-'^ 

Moberly-Nevada-Carthage-Sprlngfifld  «t- 

tion,  description  of '^ 

plat©  showing 

Monett,  water  supply  at ^ 

water  supply  at,  analysis  of **' 
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Moniteau  County,  rainfall  in 7 

wpllsln 92-93 

recordA  of 93 

Monks  Mound,  111. ,  weU  at 158-159 

well  at,  record  of 158-150 

Monroe  County,  rainfall  in 7 

Montgomery  City,  water  supply  at 302 

Montgoniery  County,  rainfall  in 7 

Mon^u  sandstone,  correlation  of 15 

Morphouse,  well  at 174-175 

wpli  at,  records  of 35, 174. 175 

rocks  in 24,25 

water  of,  analysis  of .  ^ 175 

Morgan  County,  rainfall  in 7 

rocks  in 15 

wells  in 94-95 

record  of 95 

Mound  City,  water  supply  at 202 

Mount  Pleasant  Mill,  well  near,  record  of.  150-151 

Mount  Vernon,  spring  at 202 

water  supply  at 202  I 

Municipal  water  supplies.    See  City  water  I 

supplies. 

N.  j 

Nadine,  well  near,  record  of 100  > 

Xaylor.  well  nrar 178  . 

NVlsonville,  wells  at 50-51   ' 

wells  at,  record  of 50, 51 

Neosho,  water  supply  at 202  | 

wells  near 1.51-152  | 

record  of 151   . 

water  of .  analysis  of 151  ' 

Nevada,  section  through,  description  of 38-40 

section  through,  plate  showing 36 

water  supply  at 202  | 

analysisof 207  \ 

weUat 121-123  " 

record  of 122,123 

rocksln 40 

water  of,  analysis  of 121 

Nevada  district.    See  Clinton- Nevada  dis- 
trict. 

New  Madrid,  weU  at 17f.-177 

well  at,  record  of 177  ' 

rocks  in 35 

New  Madrid  County,  rainfall  in 7 

weUsin 175-177  | 

records  of 175,176,177  j 

water  of,  analysis  of 176  ' 

New  York,  water  supply  of 192 

Newton  County,  rainfall  in 7 

wellsat 148-152  * 

recordof 148-151 

water  of .  analysis  of 151  , 

Nodaway  County,  rainfall  in 7  ' 

wellsin 70-71   ' 

recordof 70-71 

Noel,weUat 146-147 

well  at,  record  of 147 

North-central  prairie  district,  geology  and  ! 

underground  waters  of 55  I 

location  of,  figure  showing 8  ! 

topography  of 8  j 

wells  of,  by  counties 55-71  ' 


Page. 
Northeastern  district,  geology  and  undrr- 

ground  waters  of <.3-44 

wells  of,  by  counties 44-54 

Northwest  plateau  district,  location  of,  fig- 
ure showing 8 

topography  of 7-8 

Norton,  W.   H.,  on  artesian  wells 2-3,199 

on  scale  in  ixjllers 198 

(). 

Oakwood,  well  at 51 

well  at,  water  of,  analysis  of 51 

Ohio  shale.    See  Chattanooga  shale. 

Olean,  wells  at  and  near 91-92 

wells  near,  record  of 91 

Orange  rnnd,  correlation  of 25 

Ordovlcian  rocks,  character  and  dlstribu- 

tionof 17 

Ordovlcian  time,  history  In 27 

Oregon,  water  supply  at 202 

water  supply  at,  analysis  of 207 

Oregon  County,  rainfall  in 7 

Orric,  well  at,  rocks  in 32 

Osage  County,  rainfall  in 7 

Osage  limestone,  correlation  of 14 

Osceola,  water  supply  at 202 

wellsat 121 

Ozark,  water  supply  at 202 

well  near 120 

Ozark  border  district,   location  of,   figure 

showing 8 

topography  of 9 

Ozark  County,  rainfall  in 7 

rocks  in 15 

well  in,  record  of 152 

Ozark  Mountains,  formation  of 28 

Ozark-fit.  Francis  dome  district,  location  of, 

figure  showing .*....  8 

topography  of 8-9 

Ozarkia,  definition  of 27 

rocks  of 27 

P. 

Pacific,  rocks  at ; .  41 

water  supply  at 202 

Pacific  (Mo.)-Cirrenville  (Ill.t    section,  de- 
scription of 41 

plate  showing 36 

Pacific  sandstone,  correlation  of 16 

Palmyra,  spring  at 203 

water  supply  at 203 

well  at 51 

water  of,  analysis  of 51 

Paris,  France,  artesian  wt  11  at 3 

water  supply  of 192 

Paris,  Mo.,  water  supply  at 203 

Pawnee  limestone,  correlation  of 23 

Pegmatite,  occurrence  and  (haracter  of 13 

Pemiscot  County,  rainfall  in 7 

weUs  in 177-178 

record  of 178 

water  of,  analysis  of 178 

Pennsylvanian  roclcs,  character  and  distri- 
bution of 22-24 

water  in 4 

Perry,  wells  near,  records  of 100, 101 
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St.  Joseph,  well  near,  rocks  in 32 

St.  Joseph  Umestone,  correlation  of 14 

St.  Joseph- VerBaiUes    section,    description 

of 32-33 

plate  showing 30 

St.  Louis,  water  supply  at 203 

wBllsat l.-,^166 

record  of 41.13»,  I6I-IM.166 

roclcs  in 34 

water  of,  analyses  of 151 .  IftS 

temperature  of 163 

St.  Louis  basin  district,  geology  and  under- 
ground water  of I.H-156 

wells  of,  by  counties l.'ift-iee 

St.  Louis  County,  nUntall  in 7 

rocks  in 21 

wells  in 1.S&-166 

records  of 150,161-154.166 

rocks  in 34- 

water  of,  analyses  of 161. 165 

temperature  of 163 

St,  Louis-Forest  City  section,  description  of  33-34 

plate  showing 30 

St.   Louis   (Mo.) -Keokuk   (Iowa)   suction/ 

description  of 41-43 

plate  showing 36 

St.  Louis  limestone,  character  and  distri- 
bution of 12.  m.  "22,  -28 

deposition  of 28 

water  in 22 

St.  Peter  sandstone,  character  and  distri- 
bution of 12, 14, 16-1 7. lo6 

deposition  of 26 

view  of 14 

water  in 3-4.16-17 

St^.  (Genevieve  County,  rainfall  in 7 

rocks  in 12. 19. 21 

St<*.  Genevieve  limestone,  character  and  dis- 
tribution of 12. 18. 22. 2H 

deposition  of '28 

water  in 22 

Salem,  wells  near,  records  of 127. 1"28 

Saline  County,  rainfall  in 7 

spring  In 81 

wens  in 104-106 

records  of 105. 106 

SaUabury,  well  at 76-77 

well  at,  water  of,  analysis  of 77 

Salt,  occurrence  of 21 1 

Schookntift,  H.  R.,  on  sink  holes 2!3 

Schoolcraft  River",  course  of  and  sediments 

to 2S 

Schuyler  County,  rainfall  in 7 

Scott  County,  ratofall  in 7 

wells  in 1 79-im 

record  of Iho 

water  of,  analysis  of IHI 

Scotland  County,  ratofall  to 7 

Second  Magnesian  limestone,  com  la t  ion  «.f.        15 

Second  sandstone,  correlation  of ir> 

Sections,  geologic,  descriptions  of •29-4^ 

Sedalia,  section  at 97 

Water  supply  at •203 

waterworks  wells  at,  diagram  showlnj?.       9<i 
wells  at  and  near 0*>-ivj 


l*age. 
Swialia,  wrlls  at  and  near,  record  of. .  32. 39.97. 98 

wells  at  and  near,  water  of,  analysis  t  f.       98 
Shannon  County,  rainfall  in 7 

rocks  in 12 

Shelby  County,  rainfall  In 7 

Sheldon,  wells  near 124 

wells  near,  record  of 124 

Shoal  River,  view  on 20 

*8il(»am  Springs,  location  of ::9 

Silurian  rrx*ks  character  and  distribution  of.  17-!8 

Silurian  time,  history  of 27 

Sinking  Creek,  description  of 213 

view  of to 

Slater,  water  supply  at 203 

water  supply  at,  analysis  of 203 

well  at 105 

Smith.  A.  F.    See  Ball  and  Smith. 

fimlthton,  wells  at  and  near 9'.^-:00 

wells  at  and  near,  record  of 69. 100 

Sodium  salts,  occurrence  of 211 

South-central  district,  geology  and  under- 
ground water  of 71-72 

wells  of.  by  counties 72-107 

Southeastern  lowlands  district,  location    f. 

figure  showing 8 

topography  of 9-10 

Southeastern  swamp  district,  geolog>'  and 

underground  water  in 172-174 

wells  of,  by  counties 174-187 

Southwest  City,  wells  at,  records  of 147 

Southwestern  district,  geology  and  under- 
ground water  in 125-126 

wells  of,  by  counties 126-154 

Spalding,  Mo.,  early  artesian  well  at 3 

well  at 54 

water  of,  analysis  of 42. 54 

Spergen  limestone,  character  and  distribu- 
tion of 12. 18. 2!  -22. 28 

deposition  of 28 

water  in 22 

Springfield,  water  supply  at 202 

water  supply  at,  analysis  of 208 

well  at 131-133 

rworriof 40.131-132.133 

rocks  in 16, 34 

Springfield-Carthage-Nevada-Moberly    sec- 
tion, description  of 38-40 

plate  showing Z*^ 

Spnngis,  occurrence  of 79. 

81-83, 103-104. 172. 200.  -202.  lUi 
Springs,  mineral,  occurrence  of. .  50.S1-H3.  ia3-:04 

Stanl>orry,  water  supply  at 203 

Stoddard  County,  rainfall  In 7 

Stone  County,  rainfall  in 7 

rockH  in 28 

Stot<*.sl)ury.  well  near '25 

woll  near,  record  of 125 

Sullivdn,  spring  at 203 

water  supply  at 203 

well  at 1  ."7 

Sullivan  County,  rainfall  in 7 

Sulphur  waters,  occurrence  of 212 

Sweet  Springs,  water  supply  at 203 

well  at 10.V  06 

record  of 36, 105-106 
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Tiwwy  Cfiunty,  Taintoll  In.  ,.,„.-  —  *  - 7 

Tarkiii,  WttliT  nupijly  lit. .„..„..,.*...      203 
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WATER  SUPPLY  OF  NOME  REGION,  SEWARD 
PENINSl  LA,  ALASKA,  1906. 


By  John  C.  Hoyt  and  Fred  F.  Henshaw. 


IXTRODirCTION. 

The  successful  operation  of  a  placer  deposit  depends  primarily  upon 
the  water  supply.  Data  in  regard  to  this  supply  are  essential  to  its 
economical  development,  and  lack  of  such  information  in  regard  to 
the  flow  of  streams  has  often  caused  financial  failure  in  mining  as  well 
as  in  other  enterprises  which  depend  on  water. 

For  a  number  of  years  the  United  States  Geological  Survey  has 
made  in  the  United  States  systematic  measurements  and  studies  of 
the  water  supply  as  one  of  the  great  resources  of  the  country.  These 
data  are  now  available  for  all  of  the  more  important  streams,  and  are 
extensively  used  by  engineers  and  others  in  problems  involving  water 
power,  city  water  supply,  irrigation,  and  manufacturing. 

During  the  season  of  1906  the  Survey  extended  these  investigations 
to  Alaska  in  order  that  information  in  regard  to  water  supply  may  be 
available  for  the  economical  development  of  the  placer  mines  and 
water  power  of  that  territory.  The  field  work  was  carried  on  from 
June  11  to  October  3.  The  work  necessary  for  the  preparation  of 
this  report  was  done  under  the  direction  of  the  water-resources  branch, 
but  the  exi>enses  were  paid  from  the  appropriation  for  the  investiga- 
tion of  the  mineral  resources  of  Alaska. 

The  limited  funds  available  made  it  necessary  to  restrict  the  investi- 
gations to  a  comparatively  limited  area.  Owing  to  the  rich  placers 
and  extensive  mining  in  the  vicinity  of  Nome  the  work  was  confined 
to  streams  of  that  section,  special  attention  being  given  to  the  more 
important  of  those  that  supply  water  for  working  the  rich  deposits 
back  of  Nome.  The  gaging  stations  were  so  located  (see  PI.  I  and  the 
following  list)  that  the  measurements  should  show  the  water  available 
in  this  important  area.  The  additional  supply  below  the  points  of 
measurement  may  in  many  cases  have  a  local  value,  as  has  also  the 
water  of  many  of  the  smaller  streams,  but  it  was  impossible  to  measure 
them  on  account  of  the  limited  funds.  The  data  obtained,  however, 
give  a  fair  idea  of  the  conditions  of  flow  that  may  be  expected  at 
points  in  the  vicinity  where  measurements  were  made  (see  pp.  44-47) 
tod  are  also  of  value  in  determining  the  flow  that  may  be  expected  in 
other  parts  of  this  region. 


6         WATER  SUPPLY    OF   NOME   BEOION,  SEWARD   PENINSULA. 

List  of  gaging  stations.^ 

1.  Nome  River  above  Miocene  intake. 

2.  Buffalo  Creek. 

3.  Dorothy  Creek. 

4.  Miocene  ditch  at  Black  Point. 

5.  Miocene  ditch  at  flume. 

6.  Hobson  Creek  at  Miocene  ditch  crossing. 

7.  Da\id  Creek  ditch  intake. 

8.  Seward  ditch  intake. 

9.  Grand  Central  River  (north  fork)  at  elevation  750  feet. 

10.  Grand  Central  River  (north  fork)  at  elevation  1,030  feet. 

11.  Grand  Central  River  (west  fork)  at  elevation  860  feet. 

12.  Grand  Central  River  (west  fork)  at  elevation  1,010  feet. 

13.  Crater  Lake  outlet. 

14.  Grand  Central  River  below  forks. 

15.  Grand  Central  River  below  Nugget  Creek. 

16.  Gold  Run. 

17.  Thompson  Creek. 

18.  Nugget  Creek. 

19.  Copper  Creek. 

20.  Jett  Creek. 

21.  Morning  Call  Creek. 

22.  Kruzgamepa  River  at  outlet  of  Salmon  Lake. 

23.  Crater  Creek. 

24.  Iron  Creek  below  mouth  of  Canyon  Creek. 

25.  Iron  (Dome)  Creeks 

26.  Eldorado  Creek. 

27.  Discovery  Creek. 

28.  Canyon  Creek. 

29.  Sinuk  River. 

30.  Windy  Creek. 

31.  North  Star  Creek. 

32.  Stewart  River. 

33.  Slate  Creek. 

34.  Joefe  Oeek. 

35.  Irene  Oeek. 

36.  Jessie  Creek. 

37.  Upper  Oregon  Creek. 

38.  Slate  Creek. 

39.  Aurora  Creek. 

40.  Penny  River  at  elevation  420  feet. 

41.  Penny  River  at  elevation  120  feet. 

42.  Eldorado  River. 

43.  Fall  Creek. 

44.  Glacier  Oeek. 

45.  Snow  Gulch. 

The  hearty  cooperation  of  the  mining  and  other  interests  in  th 
vicinity  of  Nome  greatly  faciHtated  the  work.  In  this  connectio 
special  acknowledgment  is  made  to  the  officers  and  employees  of  th 
Miocene  Ditch  Company^  Wild  Goose  Mining  and  Trading  Companj 


o  Number  refers  to  PI.  L 
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LtMl  €^  gaging  statunts^'* 

1>  Kome  River  afxwu  Mioccnt-'  inUtkc. 

%.  Buffalo  Creek. 

3-  Porothy  Creek. 

4.  Miocene  diteh  at  BlJirk  Point- 

6*  Miocene  ditch  at  flujue* 

0.  Hohttori  Creek  al  Mineene  flifch  cni«i[ng* 

7.  David  Cretk  rliteb  intake. 

8.  Seward  ditdi  intake, 
fl.  Grand  Central  River  (north  fork)  at  elevatifin  760  feet. 

10,  Orand  f^eTitnil  River  inortli  fork)  at  elevation  K030  foiH. 
IL  Gnind  Ci^ntral  River  (west  fork)  at  ^levntioii  ftfiO  feet. 

12.  Grand  Cenlml  River  iweeH  fork)  at  eleviition  1,010  t^et, 

13,  Cjut^^r  Lake  nutlet. 
H,  Gnind  C^^ntml  Riv<^  hel«w  forks, 
15.  Omnd  Central  Ri\'er  beUtw  Nugget  Crw^k. 
IB.  Gnlxt  Run, 
17-  Tijiimpftfm  Creek* 
18.   NiiK^et  Creek. 
IB.  Clipper  Creek. 
20,  Jet t  Creek. 
2L  Mom i tig  <-alI  Creek. 

22.  Kruzgamepa  River  at  outlet  of  Salmciu  Lake* 

23.  Crater  Creek, 
24*  Iron  Cre<?k  below  mouth  of  Canytm  Creek. 

2(i.   Kl(l()ra<l(.  Creek. 

27.    Discovery  Creek. 

'JS.   Canyon  Cref-k. 

20.   Sinuk  Iviver. 

'M).    \\\Ui\\  Creek. 

:\\.    N<.rth  Star  Creek. 

:»2.   Stewari   Iliver. 

:\:\.    Shite  Cr<'ek. 

?A.    .I...<ie  Creek. 

:',5.    Ir.'lie  Creek. 

'M\.    .]i'<>\i'  Creek. 

'M .    r|>|)er  (  )letr,,il  Creek. 

:'.S.  Slale  Civ.  k 

:'.!).  Ann  Ma  ( "rerk. 

10.  Piimy  llixer  ai  <le\iii  i.,n   120  feet. 
•II.  Penny  Ki\eral  elcxuiion  120  lee t. 
12.  KLleradn  River, 
-i:;.  l\i]l  Cre,.k. 

11.  (ilaeier  Creek. 
\'k  Sn..\v  (inleli. 


The  iK^arty  coopcratic^n  of  iIk^  iiiiiiini:  and  otli* 
vicinity  of  Xoinc  iri'catly  racilitat(Ml  the  work.  I 
sjx'cial  acknow  lc(l;xnicnt  is  made  to  the  odiccrs  and 
Miocene  Ditch  Coinj)any,  Wild  (ioo.se  Mining:  and  1 
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GENERAL    DESCRIPTION.  7 

Cedric  Ditch  Company,  Pioneer  Mining  Company,  Gold  Beach  Devel- 
opment Company,  and  the  United  Ditch  Company ;  to  W.  L.  Leland,  of 
the  Three  Friends  Mining  Company;  to  J.  E.  Styers,  superintendent 
of  the  National  Wood  Pipe  Company;  and  to  Arthur  Gibson,  George 
Ashley,  William  E.  Morris,  J.  Potter  Whittren,  and  George  M.  Ash- 
ford,  civil  and  mining  engineers,  Nome. 

GEXERAIi  DESCRIPTION  OF  AREA. 

The  region  covered  by  this  investigation  is,  in  a  general  way,  15  to 
20  miles  wide  and  stretches  40  miles  inland  from  the  town  of  Nome, 
which  is  situated  on  the  southern  coast  of  the  Seward  Peninsula. 
While  most  of  the  measurements  were  made  about  20  to  25  miles 
from  the  coast,  at  points  where  the  altitude  is  sufficiently  high  to 
make  the  water  available  for  mining  high-level  placers,  some  trips 
were  also  made  into  the  adjacent  regions  to  the  east  and  west. 

The  region  embraces  three  types  of  topography,  which,  from  south 
to  north,  are  (1)  a  coastal  plain,  (2)  an  upland,  and  (3)  a  mountain 
mass. 

Bordering  the  coast  line  between  Cape  Nome  and  Cape  Rodney  is 
an  area  of  low  relief,  which  stretches  back  to  the  foothills  with  a 
width  of  from  2  to  5  miles.  This  lowland,  known  as  the  Nome  tundra, 
is  made  up  in  general  of  wet  moss-covered  ground,  rising  with  a  gentle 
slope  to  an  elevation  of  between  200  and  300  feet  at  the  southern 
margin  of  the  upland. 

The  ridges  that  constitute  the  upland  trend  in  a  general  way  north 
and  south,  rising  from  about  700  feet  near  the  coast  to  2,000  feet  30 
miles  inland.  These  ridges  are  separated  by  the  broad  U-shaped 
valleys  of  the  larger  drainage  courses.  Thirty  miles  from  the  coast 
the  ridges  are  united  by  an  east-west  ridge,  which  presents  a  st^ep 
escarpment  toward  a  broad  depression  to  the  north.  This  depression 
separates  the  upland  from  the  Kigluaik  Mountains. 

The  east-west  ridge  is  broken  by  broad  low  gaps,  a  feature  of  great 
importance  to  the  engineer  who  contemplates  tapping  the  water 
resources  of  the  Kigluaik  Mountains.  North  of  the  depression  the 
Kigluaik  Mountains,  locally  known  as  the  Sawtooth  Range,  rise 
abruptly,  constituting  a  rugged  east-west  mass,  sharply  dissected, 
with  serrated  crest  line.  As  these  mountains  have  been  the  center  of 
Ibcal  glaciation  in  recent  times,  their  valleys  are  characterized  by 
cirques,  which  form  important  sources  of  water  for  the  district. 

Most  of  the  area  here  considered  drains  southward  to  Bering  Sea 
through  Nome  and  Snake  rivers,  whose  sources  lie  close  to  the  ridge 
which  forms  the  northern  boundary  of  the  upland.  Besides  these,  a 
part  of  the  waters  of  the  upland  also  flow  southward  to  Bering  Sea 
through  Eldorado,  Flambeau,  Cripple,  and  Penny  rivers.  The  valleys 
of  all  of  these  are  of  about  the  same  type — broad  and  deep  in  the 
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uplaod,  with  gt'title  skipr*  Far  300  to  BOO  feel,  thc*o  sterpt^r  wJWm* 

bmst  lines,  whidi  vary  fnmi  800  to  1  ,M0  feet  in  altitiHli*.    TfefirflcioJ 

(are  usually  mvpn^d  with  ^rnrt^^.     Some  of  the  smaller  trilwtiiQiH 

bt*cupy  sharply  iiu'ls4*d  trenrh*^?,  and  hiivehut  n  tiuniH>$din^ ttjpmitIM 

pn  Ihcir  roek  floors.  ■ 

Thi^  pa^t  and  \v</Kt  df^prcs^sinn  whkli  ^*piirttt4'**s  the  upkiul  fniiulkil 

{mount aiti>  to  tho  north  \s  draintHl  in  part  by  stppaitia  flowing  WHI  Mil 

pinuk  River,  which  i*inpliei*  into  Berin*^  Sc^a,  tinil  in  part  by.^tupAiH 

{flowing  east  to  Knissganiepa  River,  which  dischar^s  inta  leurdfl 

iBfl^^in.     The  rtlreanis  draining  the  ^southern  fcilofM^  of  tllf  IQ^idH 

fMountain**  art*  all  triljutary  l^*  one  or  the  other  of  the  two  n\ Hln  J 

Many  of  th(Mii  head  in  glacial  <nnjiu*!^  and  How  thnui^h  .^t<^|vwilkfl 

n>ck-l>oumi  valleys,  anil  all  have  torrential  eourses.  I 

The  ji^Hieral  charaeter  of  all  the  draiaai^e  area^  L%  the  .^aje  {mm 

PL  11).     The  streams  have  little  8lopi\  except  in  their  extreme  ^fm 

portinns,  and  spread  over  wide  i^'avelly  bi^dn,  in  which  they  ^Afl 

divide  into  several  channels  or  disappear  in  the  ^^aveh     The  cIiaimH 

(ure  ixhn  subject  to  considerable  shifting'  during  fkHwiss.     For  fnwn  iJfl 

'to  :i.tJ(HJ  feet  on  either  side  of  this  p*a veil y* bed  extend  level  org^oH 

eloping  hottoni  lands,  fmm  which  the  hilb  ris*-  t^mte  abnipUif.    Tfl 

.drainagt^  ba^^inx  are  from  4  to  12  miles  wide.     The  tributary  Mtriiid 

arc  in   most  castas  short  and   flow   in  narrow^  ravines^  having  ^l«f! 

sidc^s,     Their  sh^pe  \s  ^reat,  and  in  many  ca^>3  they  are  made  up  nf  i 

iii^nvh  of  rnpiils,  wattn-fnlls,  and  pof^ls. 

Pnuli(^ally  the  sv  hoU^  (^nimt  ry  to  an  i^levulion  of  lJ>tM)  feet  l^  ost- 
chmI  with  a  tlii^'k  turf,  eorutnonly  known  as  ^' tunilra*  (.see  Pb  tHJ 
On  I  his  in  flit*  MU  Miner  then*  i^  n  nu\k  growth  of  grasps  tlotUHl  wiili  ^li-l 
1  lowers  of  nijiiiy  vjuielies.  and  in  some  areas  there  is  c-on>i(ltT:i' '' 
moss.  There  nre  no  ti'ces  with  tlie  exception  of  (>c<'asunial  pat(  lu-  ' 
scnil)  willow  and  aldei',  which  in  the  absence  of  better  fuel  can  ho  :^-^i 
for  lirewood.  Much  of  the  t^round  within  2  feet  of  the  surface  Teiv.hi:^ 
frozen  thr()U<rhout  tli(^  year.  The  soil  in  the  lowlands  is  mostly  izravr 
overlain  with  muck,  and  often  contains  a  large  per  cent  (»f  ws*" 
which,  when  it  thaws  out  in  tlie  sunnner  time,  makes  the  muck  vt"- 
soft.  Some  considerable  areas  are  underlain  by  clear  ice.  The  i:^^ 
are  composed  lar^'(»ly  of  schist  and  limestone  rock,  mantled  withKNrv 
slide  and  »:r;ivel.     Tiiauin^  often  causes  serious  slides. 


( OXDI  I  lOXS   Al  1  i:(  TINC;   WATKK  SUPPf^V. 

Tlinn:  souices  of  wat(M*  supply  contribute  to  the  run-otl  of  :>: 
Seward  Peninsula:  (1)  Sunuuer  rains;  (2)  melting  of  accumuiu-'^i 
snow  ;  ( :>)  ;^n'ound  water  oriixinating  mostly  from  melting  ice. 

Of  the  rainfall  there  is  but  little  direct  data,  as  few  rainfall  nv^n:- 
wen*  kept   in  this  section  until  the  present  year,  wlien   fmir  rainf.^ 
stations  were  es\a\A\s\uH\  \\\  cm\\\v.^v^w^\\\\\^VvWV^v^x:<.>cT^Jlplli(.  stini.t- 
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The  present  year  was  one  of  drought;  therefore  the  records  can  not  be 
taken  as  a  mean. 

The  four  rain  gages  were  located  at  Nome,  at  Salmon  Lake,  at  Claim 
No.  15  Ophir  Creek,  and  at  Deering.  The  gage  at  Nome  was  read  by- 
Mr.  Arthur  Gibson.  It  was  located  on  the  roof  of  a  house,  about  20 
feet  above  the  ground  and  about  40  feet  above  sea  level.  The  gage  at 
Salmon  Lake  was  placed  on  the  ground  at  an  elevation  of  about  450 
feet  above  sea  level  and  was  read  by  Mr.  John  P.  Samuelson.  The 
location  of  the  gage  at  No.  15  Ophir  is  not  known.  No  records  were 
obtained  from  Deering. 

During  the  month  of  June  there  was  only  a  trace  of  rain  on  one  day 
at  Nome,  and  on  three  days  at  Salmon  Lake.  During  the  present 
season  it  was  also  noted  that  the  country  is  subject  to  local  showers. 

The  only  previous  record  known  to  have  been  kept  at  Nome  was 
made  in  1900,  when  the  precipitation  was  0.60  of  an  inch  from  August 
13  to  31  and  7  inches  in  September. 

The  following  data,  compiled  from  observations  by  members  of  the 
Geological  Survey  and  from  other  sources,  throw  some  light  on  the 
general  weather  conditions  of  Seward  Peninsula  for  the  last  eight 
years: 

1899.  July,  4  rainydays;  August,  14  rainy  days;  September,  14  rainy  days;  recorded 

at  Teller. 

1900.  June  to  July,  inclusive,  warm  and  dry,  tundra  fires  common;  August  to  end  of 

September,  rain. 

1901.  June  to  August,  inclusive,  cold  and  foggy  with  some  rain;  September  to  Octo- 

ber, inclusive,  usually  clear  and  cold  with  one  or  two  hard  rains  of  few  days* 
duration. 

1902.  June,  dry;  July,  10  rainy  days;  August,  6  rainy  days;  September,  3  rainy  days; 

recorded  at  Teller. 

1903.  Summer  warm;  little  rain,  but  considerable  fog. 

1904.  June,  dry;  rainy  days  as  follows:  10  in  July,  10  in  August,  10  in  September; 

temperature  moderate. 

1905.  Very  wet  and  cold  the  whole  season. 

1906.  Very  warm  and  dry;  tundra  fires  conmion;  temperature  reached  as  high  as  85°. 

The  following  tables  give  the  mean  monthly  and  the  daily  precipi- 
tation at  the  various  stations  during  1906: 

Monthly  rainfall,  in  inches,  in  Ncrnie  region,  June,  to  September,  1906. 


Station.  June. 


July 


Nome Trace.  2.38 

Salmon  Lake I     Trace.  I         4.92 

Ophir I     Trace.  ,         3.57 


aNo  record. 
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-DiiriiiK  liinr  tlnTc  was  no  iiUMsiiral'U-  pnt'ipitation  al  arjy  of  th.-  stations 


\()  (latn  as  to  actual  (juantity  of  snowfall  are  available,  l>u 
conversation  with  residents  it  is  believed  that  the  annual  snov 
not  <^i"eat.  seldom  (vxceedint];  from  2  to  8  feet.  With  the  ex* 
of  the  drifts  wliich  foi*m  in  the  gulches  and  tlie  ice  hanks  al" 
beds  of  tlie  livcMs  |)ractically  all  snow  in  the  drainage  stuched 
befoi'c  th(»  first  of  dune:  therefore,  excejning  the  streams 
sourc(\s  are  in  tin*  {M-otected  gulclies,  tlie  snow  storage  hai>  b 
elfect  uj)on  the  rnn-olf. 

The  ground  watei*  comes  from  the  melting  of  the  frozen 
whicli  carries  a  lai'ge  per  cent  of  water.  Its  (|uantity  depend 
fore,  on  th(^  tem|)erature  and  surface  covering  and  actioil 
The  thawing  of  the  ground  is  slow  and  never  reaches  any  grea 
so  the  lain  does  not  have  an  opportunity  to  he  taken  up  as 
storage.  e\ce|)t  late  in  the  season.  Early  frosts,  liowever,  i 
with  this  storage,  so  that  it  can  Ix^  said  tliat  practically  all  the 
water  comes  from  melting  ice. 

With  the  exce|)tion  of  Sinuk  and  Nome  rivers,  which  ha 
sources  in  th(*  Kigluaik.  a  short  distance  a])art,  the  stn\Hnis 
into  BcMing  S(»a  rise  in  the  low  foothills  south  of  tlie  Kigluaik 
Their  drainage  areas  have  a  direct  southern  ex])osure  and  pra 
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A      TUNDRA  BETWEEN  BEACH  AND  FOOTHILLS. 


li      MIOCENE  DITCH.  GLACIER  CREEK. 
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all  the  snow  on  them  is  melted  by  the  first  of  June.  They  are  there- 
fore limited  for  their  water  supply  to  the  summer  rains  and  the  ground 
water  from  the  melting  ground. 

The  gulches  in  the  Kigluaik  are  more  protected  and  hold  their 
snow  much  later  in  the  season.  There  are  also  occasional  summer 
snows  in  these  mountains,  so  that  the  streams  which  rise  in  them  have 
a  much  better  sustained  flow\ 

Owing  to  the  steep  slopes,  lack  of  other  vegetation  than  grass,  and 
nearness  of  the  frozen  ground  to  the  siu^ace,  the  water  from  rainfall 
and  thawing  finds  its  way  into  the  streams  in  a  very  short  time. 
Flood  flow  comes   immediately  after  showers  and  extreme  warm 


July  21 


July  31 


Aug  10 


Aug  20  Aug  30  Sept  9 


Sept?9 


Fio.  1— DiAgrnm  showing  flow  of  Nome  River  above  Mlo?en^  intake  and  of  Orand  Central  River 

below  the  forks. 

spells  and  is  usually  of  short  duration,  as  there  is  no  way  in  which  the 
excess  water  can  be  taken  up  by  the  ground  and  stored  (see  fig.  1). 
In  going  along  the  Miocene  ditch  during  the  heavy  storm  of  July  8, 
1906,  it  was  noted  that  although  all  supply  gates  were  closed  and  the 
waste  gates  were  open,  the  ditch  was  running  full  from  the  rain  water 
coming  in  from  the  drainage  above.  Owing  to  this  lack  of  ground 
storage,  which  is  one  of  the  important  factors  of  maintaining  a  well- 
sustained  stream  flow  in  warmer  climates,  the  streams  depend  on  the 
rainfall  and  melting  ice  and  respond  very  quickly  to  an  increase  in 
either  of  these  two  factors.  Therefore,  when  the  rainfall  is  slight,  as 
in  the  past  year  and  in  1900,  the  stream  flow  will  be  small. 

M1CA8UREMENT8  OF  FLOW. 

EXPLANATION  OF  DATA  AND  METHODS  OF  WORK. 

The  methods  of  carrying  on  the  work  and  collecting  the  data  were 
substantially  the  same  as  those  previously  used  for  similar  work  and 
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described  in  Water-Supply  Papers  Nos.  94,  95,  and  167.  They  may 
be  briefly  outlined  as  follows: 

In  the  consideration  of  industrial  or  mining  enterprises  which  use 
the  water  of  streams,  it  is  essential  to  know  the  total  amoimt  of  the 
water  flowing  in  the  stream,  the  daily  distribution  of  the  flow,  and 
facts  in  regard  to  the  conditions  affecting  the  flow.  Several  terms  are 
used,  such  as  second-foot,  miner's  inch,  gallons  per  minute,  etc.,  to 
describe  the  quantity  of  water  flowing  in  a  stream,  the  one  selected 
depending  on  th^  use  to  be  made  of  the  data. 

"  Second-foot  *'  is  in  most  general  use  for  all  classes  of  work,  and 
from  it  the  quantity  expressed  in  other  terms  maybe  obtained."  It  is 
an  abbreviation  of  cubic  foot  per  second  and  may  be  defined  as  the 
quantity  of  water  flowing  in  a  stream  1  foot  wide  and  1  foot  deep  at 
the  rat«  of  1  foot  per  second.  It  should  be  noted  that  it  is  a  rate  of 
flow,  and  to  obtain  the  actual  quantity  of  water  it  is  necessary  to  multi- 
ply it  by  the  time. 

"Second-feet  per  square  mile'*  is  the  average  number  of  cubic  feet 
of  water  flowing  per  second  from  each  square  mile  of  area  drained,  on 
the  assumption  that  the  run-off  is  distributed  uniformly,  as  regards 
both  time  and  area. 

" Run-off  in  inches'*  is  the  depth  to  which  the  drainage  area  would 
be  covered  if  all  the  water  flowing  from  it  in  a  given  period  were  con- 
served and  uniformly  distributed  on  the  surface.  It  is  used  for  com- 
paring run-off  with  rainfall,  which  is  expressed  in  depth  in  inches. 

"Acre-foot* 'Ms  equivalent  to  43,560  cubic  feet,  and  is  the  quantity 
required  to  cover  an  acre  to  the  depth  of  1  foot.  It  is  commonly  used 
in  connection  with  storage  problems. 

The  '*  miner's  inch,"  the  unit  used  in  connection  with  placer  mining, 
also  expresses  a  rate  of  flow,  and  is  the  quantity  of  water  flowing 
through  an  orifice  of  a  given  size,  with  a  given  head.  The  head  and 
size  of  the  orifice  used  in  different  localities  vary,  thus  making  it  a 
most  indefinite  and  unsatisfactory  unit.  Owing  to  the  confusion 
arising  from  its  use,  it  has  been  defined  by  law  in  several  States.  The 
California  miner's  inch  is  in  most  common  use  and  was  defined  by  an 
act  approved  March  23,  1901,  as  follows:  "The  standard  miner's  inch 
of  water  shall  be  equivalent  or  equal  to  1}  cubic  feet  of  water  per 
minute,  measured  through  any  aperture  or  orifice.'* 

The  determination  of  the  quantity  of  water  flowing  past  a  certain 
section  of  a  stream  at  a  given  time  is  called  a  "discharge  measure- 
ment," and  points  where  regular  measurements  are  made  are  called 
"gaging  stations."     Hydrographic  field  work  consists  in  measuring 

a  The  miner's  inch  is  ^nerally  regarded  as  one-fortieth  or  one-fiftieth  of  a  second-foot;  tbeidore, 
to  reduce  second-feet  to  miner's  inches  it  is  necessary  to  multiply  by  either  40  or  50. 
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the  area  of  the  cross  section  of  a  stream  and  the  velocity  of  its  current. 
The  product  of  these  two  factors  gives  the  discharge. 

In  making  a  measurement  a  tapeline  is  stretched  across  the  stream 
(see  PL  IV,  B),  and  depth  and  velocity  are  measured  at  regular  inter- 
vals (varying  from  1  to  5  feet  apart,  depending  on  the  size  of  the 
stream) .  The  depths  from  which  the  area  of  the  cross  section  is  com- 
puted are  taken  by  sounding  with  a  graduated  rod.  The  velocities 
are  measured  by  a  current  meter  (see  PI.  IV,  A).  As  the  velocity 
varies  with  the  depth,  observations  are  taken  near  the  surface,  at 
middepth,  and  near  the  bottom.  The  mean  of  the  velocities  at  these 
points  gives  the  mean  velocity  for  that  vertical  section. 

One  of  the  general  laws  of  the  flow  of  streams  with  permanent  cross 
sections  is  that  the  discharge  varies  directly  with  the  stage,  or  gage 
height,  and  that  it  will  be  the  same  whenever  the  stage  or  gage  height 
of  the  stream  is  the  same.  Therefore,  in  order  to  determine  the  daily 
discharge  of  a  stream,  a  gage  on  which  the  fluctuations-  of  the  surface 
of  the  stream  may  be  noted  is  installed  and  read  daily.  As  the  dis- 
chai^e  regularly  increases  with  the  stage,  it  is  possible  with  a  few 
discharge  measurements  taken  at  various  stages  to  construct  a  rating 
curve  which  \*ill  give  the  discharge  at  all  stages.  The  beds  of  most  of 
the  streams  measured  changed  but  little  during  the  season  and  it  was 
therefore  possible  to  obtain  the  daily  flow  as  just  stated. 

Water  to  be  of  use  for  mining  purposes  must  be  available  under  con- 
siderable pressure,  or  when  diversion  is  necessary  it  must  be  taken  at 
an  elevation  high  enough  to  allow  it  to  be  carried  over  the  divides. 
The  gaging  stations,  therefore,  were  so  established  as  to  obtain  meas- 
urements at  points  whose  elevations  were  suflScient  to  permit  the  stream 
to  be  diverted  for  use  in  mining  on  the  ground  already  prospected. 
Such  stations  were  established  on  all  the  important  streams  in  the 
area.  At  some  of  the  locations  it  was  impossible  to  secure  gage 
readers  to  take  the  daily  observations  of  river  height,  and  for  these 
stations  it  is  only  possible,  therefore,  to  give  the  flow  at  the  time  of  the 
actual  discharge  measurements.  The  following  pages  give  the  results 
of  measurements  on  the  various  streams: 

NOME  RIVER  DRAINAGE  BASIN. 
GENERAL   DESCRIPTION. 

Nome  River  is  formed  by  the  junction  of  Buffalo  and  Deep  Canyon 
creeks,  which  have  their  sources  in  the  Kigluaik  Range.  It  has  a 
drainage  area  of  150  square  miles  and  flows  in  a  general  southerly 
direction  through  a  valley  having  a  length  of  about  40  miles  and  a 
width  varying  from  4  to  6  miles.     The  elevation  at  the  headwaters 
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is  between  3,000  and  4,000  feet,  while  the  altitude  of  the  ridges  that 
bound  the  valley  on  the  east  and  west  averages  1,000  feet.  The 
principal  tributaries  are  David,  Sulphur,  Dariing,  Buster,  and  Osbom 
creeks  from  the  east  and  Divide,  Dorothy,  Clara,  and  Hobson  creeks 
from  the  west. 

Nome  River  is  the  most  important  source  of  water  for  use  in 
hydraulicking  the  rich  placer  deposits  on  the  old  beach  lines  back  of 
Nome.  Four  ditches  have  been  built  to  divert  water  for  mining 
purposes.  These  systems,  with  the  elevations  of  their  intakes,  are 
the  Campion,  610  feet;  Miocene,  572  feet;  Seward,  407  feet;  and 
Pioneer,  340  feet. 

Any  additional  water  supply  that  may  be  obtained  in  other  high- 
level  streams  can  best  be  brought  to  the  mines  by  way  of  the  valley 
of  Nome  River.  During  the  season  of  1906  the  waters  of  Nugget,  Cop- 
per, and  Jett  creeks  were  diverted  over  the  Nugget  divide  by  branches 
of  the  Miocene  system. 

Discharge  measurements  made  in  this  drainage  are  given  in  the 
following  pages: 

NOBfE   BIVEB   ABOVE   MIOCENE   INTAKE. 

This  station,  elevation  about  575  feet,  is  located  between  the  junc- 
tion of  Buflfalo  and  Deep  Canyon  creeks  and  the  intake  of  Miocene 
ditch.  At  low  water  the  river  at  this  point  has  a  width  of  about  30 
feet,  a  depth  of  1  i  feet,  and  a  mean  velocity  of  1  foot  per  second.  The 
gage  was  read  twice  daily  by  employees  of  the  Miocene  Ditch 
Company. 

The  flow  at  this  station  is  affected  by  four  ditches:  Campion  ditch, 
which  diverts  water  from  above  the  station,  and  Jett  Creek,  David 
Creek,  and  Grand  Central  ditches,  which  bring  in  water  above  the 
station  from  outside  the  area.  In  order  to  obtain  the  natural  flow 
of  the  river,  the  mean  flow  of  Campion  ditch  has  been  added  to  the 
flow  at  the  gaging  station  and  the  flow  of  the  other  three  ditches 
subtracted. 

Discharge  measureTnents  of  Nome  River  above  Miocene  intake  in  1906. 
(Elevation,  575  feet.l 
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Mean  daily  gage  height  and  dUcharge  of  Name  River  at  Miocene  intake,  1906. 
[Draiiui^  area,  15  square  miles.] 
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BUFFALO   CREEK. 


Buffalo  Creek  rises  in  a  deep  canyon  on  the  south  side  of  the  Kig- 
luaik  Mountains.  From  this  canyon  it  joins  Deep  Canyon  Creek  and 
forms  Nome  River.     Measurements  were  made  as  follows: 

Discharge  measurements  on  Buffalo  Creek  in  1906. 
[Elevation,  800  feet;  drainage  area,  4.4  square  miles.] 


Date. 
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DOROTHY   CREEK. 

Dorothy  Creek,  which  enters  Nome  River  from  the  southwest,  is  a 
short,  precipitous  stream.  Jt  receives  water  from  Campion  ditch,  as 
noted  on  page  21.  The  following  discharge  measurements  were  made 
above  the  outlet  of  the  ditch: 

Discharge  rrwxisuremerUs  on  Dorothy  Creek  in  1906. 
[Elevation,  500  feet;  drainage  area,  2.7  square  miles.] 

Date.  DIachaigf. 

I  Sec.-feei. 

fiine  16 i^l 

July  29 '  iO 

August  18 1  2.9 

THE    MIOCENE    DrTCH    SYSTEM. 
OKVIBAL  DBSCBIPTION. 

The  Miocene  ditch  system  includes  31  miles  of  main  ditch  and 
31  miles  of  lateral  feeders  and  distributing  ditches,  8  miles  of  which  are 
under  construction  (see  PI.  Ill,  B,  and  PI.  V).  This  ditch  diverts 
water  from  upper  Glacier  Creek,  upper  Snake  River,  Nome  River  and 
its  tributaries,  and  from  the  Grand  Central  River  drainage  for  use  on 
claims  along  lower  Glacier,  Dexter,  and  Anvil  creeks. 

The  first  section  of  this  system  was  built  in  1901 ,  from  upper  Glacier 
Creek  to  Snow  Gulch,  this  being  the  first  ditch  in  Seward  Peninsula. 
In  1902  an  extension  was  made  from  Ex  to  Hobson  Creek,  and  in  1903 
it  was  extended  to  the  head  of  Nome  River,  these  three  sections  con- 
stituting the  main  line  of  the  system,  with  a  length  of  31  miles.  The 
elevation  of  the  intake  is  572  feet  and  that  of  the  lower  end  420,  giving 
a  fall  of  152  feet.  This  fall  varies  along  the  ditch  from  3.37  to  7  feet 
per  mile.  There  are  two  siphons,  one  at  Dorothy  Creek,  24  inches  by 
300  feet,  which  carries  about  40  second-feet,  and  one  at  Manila  Creek, 
40  inches  by  1,000  feet.  Below  Willow  Creek  there  is  a  1,100-foot 
flume.  The  main  ditch  has  an  average  width  of  8  feet  above  and  10 
feet  below  Hobson  and  a  capacity  of  60  second-feet.  The  mean 
flow  is  about  40  second-feet. 

The  water  is  delivered  from  the  end  of  the  ditch  on  claims  along 
Glacier  Creek;  on  Anvil  Creek  by  a  tunnel  1,800  feet  long  and  4  by 6 
feet  in  cross  section,  built  in  1903  and  1904 ;  and  on  Dexter  Creek  by  a 
ditch  from  Ex  around  the  south  side  of  King  Mountain. 

The  lateral  feeders,  in  order  up  the  ditch,  are:  (1)  From  upper 
Glacier  to  Ex  (this  was  the  upper  portion  of  the  first  section  of  the  main 
ditch);  (2)  Grouse  and  Cold  creeks  to  flume;  (3)  Upper  New  Eldo- 
rado to  Sparkle  Creek  (this  section  is  to  be  connected  to  the  main 
ditch  by  a  siphon  across  Nome  River) ;  (4)  David  Creek  ditch,  which 
empties  into  Nome  River  above  the  intake;  (5)  Jett  Creek  ditch, 
which  runs  along  the  south  side  of  the  Nugget  divide  into  Deep  Can- 
^^r,  and  takes  water  from  Jett  and  Copper  creeks;  (6)  Grand  Central 
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h  is  under  constniction  (this  ditch  diverts  water  from 
ek  and  will  tap  the  headwaters  of  Grand  Central  River), 
water  can  not  be  turned  into  ditches  in  this  region  before 
lere  is  too  much  frost  in  the  ground.  In  1906  the  water  of 
'ok  was  turned  into  the  ditch  about  June  20  and  of  Nome 
t  June  26,  but  before  July  1  was  turned  out  frequently  to 
pairs.  The  ditch  was  also  out  of  use  on  account  of  a  break 
S  to  11,  inclusive,  after  which  date  the  water  ran  almost 


►wing  pages  give  the  results  of  measurements  on  ditches 
3m. 

MIOCENE  DITCH  AT  BLACK  POINT. 

nents  of  flow  were  made  at  this  point,  about  1  mile  below 
to  determine  the  amount  of  water  diverted  from  Nome 
10  Miocene  ditch.     The  gage  was  read  by  employees  of  the 
tch  Company. 

scharye  nuasurt  menin  of  Miocene  ditch  at  Black  Point  in  1U06. 
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19.9 

.64 

25.2 

.:w 

18.6 

.78 

29.4 

.4<) 

20.1 

.80 

30 

.86 

31.8 

.58 

23.4 

1.12 

40.7 

.1)9 

26.7 

i.o:) 

37.6 

.92 

33.7 

1.17 

42.4 

1.0 

."tti.S 

1. 19 

43.2 

.96 

35.1 

1.2 

4;i.5 

1.05 

38.2 

1.17 

42.4 

1.06 

38.6 

1.16 

42.1 

1.22 

44.2 

1.2 

43.5 

1.2 

43.5 

1.2 

43.5 

1.2 

43.6 

1.2 

43.5 

1.2 

4.1.5 

1.2 

43.5 



'2a.-i 

"5&.N! 

-07- 
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KIOCXITE  DITCH  AT  THX  FliUVG 

Thb  statian  was  establish*?^!  to  determine  th<*  amoum  of 
©nt^rin^  tbe  ditch  betwc^en  the  intake  at  Black  Point  and  tht 
Tills  wat^r  iBchidea  seepage  from  the  bank  and  the  Bow  c»f 
small  cr^^^ks — ^10  to  15  second-feet  at  low  water  from  Heil^soD 
and  a  small  amount  from  the  branch  ditch  to  Grou^  Cr^ek,  Tl 
flumti  hiui  a  f^mdo  of  7  fiset  to  the  mile,  a  width  of  S  feet,  and  t  bf^ 
of  2^  inches.  On  September  25  a  mea^surement  was  made  U>  drti 
mine  its  capacity  with  the  water  2  feet  deep,  when  the  flow  pitmf!  t 
be  nearly  60  second -feet.  This  exceedjs  the  safe  capacity  of  tlir  ^J 
in  the  vicinity  of  the  flume.  The  gage  was  read  by  employees  €^  ti 
Mioeene  Ditch  Company. 

iHsthsrffe.  in^i9urt7ncnt§  of  Jftoemr  dittJi  at  ^um*-  in  1906. 


July  I.., 

AugUBt  2 


b«I| 


36,  & 


Deignv    onp 


Sepiomber  ll 


LIB  i 

i.m\     i 


Mtm%  tiail^  gagt  h  fight  antf  disrhargi  of  Mioctnt  tfiUh  at  Jlami^  /#W. 


I 


,  height.      chflJl?L^ 

1 0.98  3Hi 

2 .9a  rW.S 

;i .92  29.9 

4 l.O  32.1 

A 1.08  34.3  ' 

♦1 1.09  '  34.  :i 

7 1.12  35.3 

S (<i)         '  0 

9 .  .  (a)  0 

10 -      (It  0        I 

11.    .79  2ti.  4  I 

12 1.1  34.S  , 

13.              1.2(J  :i9.  1 

14.                                                            .  1.29  39.9  ' 

l". 1.28  3<».7  ' 

It. 1.39  42.0  i 

17. _  l.:i5  41. t;  I 

18 1.35  41.  (^  I 

19 „  1.2S  ;w.7   I 

20.  1.19  37.2  1 

21 1.  U)  3(;.  4  I 

22.                                  1.11  35.1   I 

23 1.  m  :r.2  ' 

24 l.()9  34.5 

25 i.2«i  :w.  1 

2t. 1.17  3h.7 

^^ 1.07  34 

28 .98  31.  n 

29 .95  ;;o.8 

;«» .91  2*».7 

31 .88  28.9 

Moan f'31.8 


Aqgiut. 


hiighi 

hfiiSt 

run 

Fr. 

St..-rf. 

n. 

(».  8J 

27.  2 

I '] 

.HI 

27 

.84 

27.  '^ 

.  V.J 

2*?.  1 
2*.'  4 

.91 

.  9:5 

M)  2 

1  '' 

.  98 

31   f. 

i  '-^ 

.KS 

2>  '• 

1    A 

1.01 

32  4 

14' 

1.  13 

35  fi 

I   + 

1.23 

•vS.  3 

]    i' 

1 .  02 

32  t. 

i  4: 

; 

.94 

:y>  :. 

1    4 

i 

1.1 

1 .  2*.» 

lis 

1.32 

1.4 

1.44 

1 ,  y> 

I   34 
1.4<. 

1    51 


4(1. 
42  ' 
44 
47 
41  . 
44 
4.'.  ' 

47.; 

45  . 


'  Pilfli  brokoii  l>y  heavy  riiriti. 


^  For  28  clays.  3." 


MIOCENE   DITOH   SYSTEM. 
JITT  CBSIK  DITCH. 
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Jett  Creek  ditch  was  constructed  during  1906  to  divert  water  from 
Jett  and  Copper  creeks  over  the  Nugget  divide.  The  water  was 
turned  in  from  Copper  Creek  on  July  20  and  from  Jett  Creek  on 
August  18,  and  was  turned  out  on>  September  25.  The  ditch  carries 
the  total  flow  of  these  creeks  above  the  intake  up  to  a  maximum  of 
about  10  second-feet. 

Discharge  meamrements  on  Jett  Creek  ditch  at  outlet  in  1906. 


Date. 


July  21... 
Aogiut  n 
Aaga8t29 
August  31. 


Dlschaige. 


8ec.-n. 
2.4 

.8! 
46  I 
7.3 


Date. 


September  2. 
September?. 
September  10 
September  14 


DlschaiKe. 


8ec.-ft. 
9.2 
7.2 
5.3 
3.9 


OBAHD  CIHTBAL  DITCH. 


The  completed  portion  of  the  Grand  Central  ditch  diverted  water 
from  Nugget  Creek  at  an  elevation  of  785  feet  between  June  27  and 
September  29.     For  measurements  of  the  flow  in  the  ditch  see  p.  33. 


DAVID  CBBBX  DITCH. 


David  Creek  flows  into  Nome  River  a  short  distance  below  the 
mtake  of  Miocene  ditch.  It  has  a  well-sustained  flow,  which  is 
diverted  at  an  elevation  of  590  feet  by  a  ditch  leading  to  and  empty- 
ing into  Nome  River  just  above  the  Miocene  intake.  This  ditch  car- 
ries all  the  flow  of  David  Creek  up  to  14  second-feet.  Its  width  is  4 
feet  on  the  bottom,  6  feet  on  the  top,  and  when  full  it  has  a  depth  of 
li  feet  and  a  mean  velocity  of  about  1}  feet  per  second.  The  water 
was  running  iA  this  ditch  before 'gagings  were  made  on  Nome  River 
and  was  turned  out  only  during  extreme  high  water. 

Discharge  measurements  of  David  Creek  ditch  in  1906. 


Date. 

hel^t: 

chaigo. 

Date. 

Oage 
height. 

Dis- 
charge. 

July3 

Feet. 

Sec-fi. 
3.5 
6.4 
4.4 
7.9 
5.4 

August  29 

Feet. 
a49 
.63 

.78 
.81 
.68 

Sec-ft. 
7.6 

July  29 

Do 

10  1 

Aagan  3 

Do 

13.7 

August  23 

0.51 
.41 

Do 

13.7 

Aiiga8t20 

Do 

11.4 

WATKB   SUPPLY    OF   NOME    ESaiON,   REWARD   PKNTN&rLl. 


M^an  dailjf  gtrfff  height  <ind  (H»charge  of  David  Cnftk  diifh^  i1^^ 


Day. 


ii'.t-t*4>,i-.^i*-i-»*.i**#lL. 


AuiKii«t. 


huJg] 


F«e«. 


.m 

.1 

.Aft 

.%t 

.as 

a.3» 


Sec^-fi, 


44 
44 
44 

&.8 

48 
48 

fi.a 

&4 
5.0 
44 

43 
41 
*.3 


Dmj, 


>23l'<2 


f  oi.   :  lit 

.« 
Jl 

u 


6X£FA6E  MSABUtt£M£NTS  OK  taOCSITB  OITCB. 

Measurcment8  were  made  at  difrerent  times  at  several  points *k 
the  main  ditch  and  also  on  the  Jett  Creek  brancli  to  cieterraioe  ibl 
by  seepage  from  the  different  sections  of  the  ditch.  The  Jisdx 
of  the  branches  and  principal  feeders  was  found  by  nie^s^irn^ 

flow  in  tlif*  ditch  above  and  below  them.     The  results  obtained  f^r 

section  l)otwcon  nioasuronients  wore  therefore  tlio  resultant  of  the. 
from  cHM^ks  too  sniall  to  measure  and  the  loss  by  seepa^rc  and  Knk; 
The  iiKnisurenuMits  of  rhily  3  to  4  and  on  July  27  wci-e  niadt'  at  |h  r 
of  extrcMUi*  low  \vat(M\  and  show  a  nuicli  larger  loss  than  tho>.'  •(  ^ 
t ember  11  to  J 'J,  when  there  was  nnich  more  water  entering'.  On 
latter  (late  the  diteli  was  piining  along  nmeh  (»f  its  eourxv  Tl 
measurements  are  of  value  to  ditch  builders  in  showini:  tlir  1 
which  nniy  he  expect e(l  in  (htch(\s  in  frozen  countries. 

S(t  jKKjf  Nn fisiin  in<  Ills  of  Miocnn  ilihh.   !!">''>. 
MAIN  DllCll   FKOM  NOME  in\K  K   I  O  (i  L.VCI  K  K  CK  K  K  K 


l):.t.« 


I'oillt    of  I 


if.isiirt'iiiciit. 


Julv  :? Xciiic  Kivpr  mtak.' 

"Do Al.ovr  llol.soii 

•lulv  l <lo 

"Do Below  II0I.S..11.       . 

Do    \Im.\c  tluiiic 

D.. Hrlow  tltiiiir 

Do AIm)v.>  K\ 

Do I    Above  imiiiel 

.Illlv  -'7 1    Noiiir    kiver  illtjike 

"Do I   I'.lark  Toiiir 

Do !   AlM.ve  Dorothv..  . 


D. 


Do 


helow  Itorothv. 
Al.ove  llol.; 


Helow    Hol.soll 

( ;  r(»iise  Creek  l'r;ineli , 


'loVaV  .au.w  V\\V\\\v 


;;v  (I  u 


OAMPIOIf    DITCH. 
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Seepage  mtasuremenU  of  Miocene  diich,  1906 — Continued. 
MAIN  DITCH  FROM  NOME  RIVER  TO  GLACIER  CREEK-Contlnued. 


Date. 


Point  of  measurement. 


July  27... 
Aagu8t2. 


Do. 
Do. 


Below  flume. 
do 


Glacier  branch . 
Dexter  branch. 


Total. 


Septonber  U. 

.   Do 

Do 

Do 


Do. 
Do. 


Do 

September  12. 


Nome  River  at  intake. 

Black  Point 

Above  Dorothy 

Above  Hobson 


Below  Hobaon 

Groua  Creek  branch. 


Total  above  flume. 


Below  flume. 
do 


Do ,  Glacier  Fork  at  Ex. 

Do '  Dexter  Fork  at  Ex. 


Total  at  Ex. 


September  13.  .|  Glacier  Fork  at  Ex 

Do I  Above  tunnel 

July  29 Intake,  David  Creek  branch . . 

Do Outlet,  David  Creek  branch .". . 


Dia- 
charge. 

Gain. 
Sec.-ft. 

Loss. 

Sec.-ft. 
3&5 

S« 

1-v 

2&3 

lao 

ia3 

1 

26.3 

?  0 

2a8 

3a7 
3a3 

.9 

.4 

30 

.3 

14.4 

44.4 

2.4 

4a8 

4a9 

2  9 

043 

3a3 

15.3 

Z6 

45.6 

a  29. 6 

29.4 

7 

a9 

...:..:;.. 

6.4 

.6 

JETT  CREEK  BRANCH. 


September  10. . 

Copper  Creek  ditch,  intake 

2.5 

Copper  Creek  ditch,  outlet  into  Jett  Creek  ditch 

Jett  Creek  ditch,  intake 

Do 

1.8 
4.2 

a7 

Do 

Total , 

6  0 

Do 

Jett  Creek  ditch,  below  Junction  with  Copper  Creek 
ditch 

5.7 
5.3 

.3 
.4 

Do 

Outlet  over  Nugget  divide 

o  Estimated. 


CAMPION    DITCH   AT   BLACK    POINT. 

This  ditch  diverts  water  from  Buffalo  Creek  at  an  elevation  of  610 
feet.  Its  lower  end  terminates  in  Dorothy  Creek,  into  which  it  dis- 
charges. The  ditch  has  a  width  of  6  feet  on  bottom  and  9  feet  on  top, 
is  2  feet  deep,  and  has  a  mean  velocity  of  2  feet  per  second  when  ran- 
ning  full.  The  water  was  turned  in  at  1  p.m. on  July  6.  The  ditch 
broke  near  its  outlet  at  7  a.  m.  on  July  8.  It  was  repaired  and  water 
turned  in  again  on  the  19th.  All  water  was  turned  out  from  9.30  p.  m. 
Augufit  12  to  2.30  p.  m.  August  13. 

Measurements  were  taken  on  the  ditch  in  order  to  determine  the 
natural  flow  of  Nome  River  below  the  junction  of  Buffalo  and  Deep 
Canyon  creeks. 
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Discharge  meamiremenU  of  Campion  diUA  at  Black  Point  m  1906. 


Date. 


July  7... 
July  20.. 
July  21.. 
August  2 


Gage 
height. 

Dis- 
charge. 

Feet. 

8ec.-feet. 
ILO 

aso 

.00 

&9 

.70 

ia2 

.67 

9.7 

Date. 


August  11. 
August  18. 
August  23. 
August  31, 


Mean  aaily  gage  height  -and  discharge  of  Campion  ditch,  1906, 
[  Drainage  area  at  point  of  dlvenioa,  8.2  squaie  miles.] 


July. 

August. 

September. 

Day. 

Gage 
height. 

Dis- 
charge. 

tad^. 

Dis- 
chai^c. 

a. 

Dis- 
ehaigp- 

Sec-fut 

las 

1 

Feet. 

Sec'feet. 

Feet. 
.00 
.68 
.66 
.62 
.56 
.61 
.00 
.7 
.73 
.77 
LU 
L05 
LOO 
L02 
.92 
.8 
.8 
.78 
.75 
.8 
.76 
LOl 
L16 
.99 
.93 
L15 
L16 
L14 
L09 
LO 
.99 

Sec-feet 

10 
9i5 
9 

&2 
&9 

lai 
ia3 
ia9 

1L7 

2a4 

1&2 

19.2 

17.5 

15 

12.3 

12.3 

1L9 

1L3 

12.3 

1L5 

17.2 

2L3 

1&8 

1&2 

21 

2L3 

2a7 

19.2 

17 

1&8 

Feet. 
0.98 

2 , 



.9 
L02 
L04 
LO 
L02 

.96 

.96 
LO 
L08 
LOT 
L02 
LOG 
L02 

.96 

.gs 

.92 
.9 

LI 
.96 
.5 
.6 
.76 
.72 
.91 
.96 

L02 

145 

3 

17.  i 

4 

U 

6 

17 

6 

17.5 

7  

a88 

14.1 

16 

8 

16 

g , 

17 

lo:::::. :...:...: : : :,:...:-:.:::-:: 

19 

u • 

l&S 

12 1 

17.5 

13 

l&S 

14 

17.5 

16 

I&5 

16 

li2 

17 

15 

18 

U5 

19        

Ul5 

20 1 

Id  5 

21    ..:.:...: '....:.:.:. 

7.5 

22 

8.7 

23        

ILJ 

24    - . 

Hi: 

25 

.92 
.78 
.75 
.82 
.78 
.76 

15 

11.9 

11.3 

12.7 

1L9 

11.5 

US 

26 

16 

27 

17.5 

28 

.«            1&& 

29 

.95 
.94 

IS  8 

30    

1&5 

31               

.72!          lat 

Mean 

....^....1          12.4 

14.4 

l&S 

SEWARD   DITCH. 

Seward  ditch  was  built  in  1905-6  to  take  water  from  Nome  River 
jxist  below  Dorothy  Creek,  at  an  elevation  of  407  feet,  and  convey  it 
to  Saturday  Creek  for  use  along  the  ancient  beach  line.  Its  toUl 
length  is  38  miles.  The  water  is  conducted  across  Hobson  and 
Clara  creeks  by  42-inch  continuous  stave-pipe  siphons  having  lengths 
of  1,050  and  800  feet,  respectively. 


GRAND   0£NTBAL   RIVEB. 
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Measurements  to  determine  the  flow  and  also  the  seepage  of  this 
ditch  were  made  as  follows: 

Seepage  measurements  of  Seward  aitch  in  1906. 


Date. 

Point  of 

n.ea8ure. 

ent. 

A.  !     Oatn. 

Loas. 

July  29 

Do 

-.   Intake 

Sec.^^^:^Sec.^feet. 

Sec-feet. 

.-    Above  Clara  Creek 

2a  6,           0.9 
40  " 

Do 

..    Hobson  branch 

1 
. .   Above  Trout  Creek. . .  . 

1 

Do 

24.6  < 
22.0  ; 

2.6 

1 

Other  measurements  were  made  at  the  intake  as  follows: 
Discharge  measuremerUs  of  Seward  ditch  at  intake  in  1906. 


Date. 


August  18 

August  30 

September  13 

a  Estimated. 


Dlschaige. 


Sec-feet. 
25 
26 
a32 


GRAND  CENTRAL  RIVER  DRAINAGE  BASIN. 
GENERAL   DESCRIPTION. 

On  account  of  its  elevation  and  well-sustained  flow,  Grand  Central 
River  offers  one  of  the  most  valuable  imused  water  supplies  of  Seward 
Peninsula.  The  drainage  area  of  this  stream,  which  is  about  12  miles 
long  and  2  miles  wide,  is  almost  surroimded  by  ridges  of  the  Sawtooth 
Range  (Kigluaik  Mountains),  having  elevations  of  from  1,500  to  4,000 
feet  (see  PL  VI,  A  and  B), 

The  river  is  formed  near  the  foot  of  Mount  Osbom,  at  an  elevation  of 
about  700  feet,  by  the  junction  of  North  and  West  forks,  and  flows  in  a 
southerly  direction  into  Salmon  Lake. 

From, the  forks  to  Salmon  Lake  the  river  has  a  fall  of  about  300 
feet,  and  at  high  stages  spreads  over  a  wide  gravelly  bed,  on  either 
side  of  which  there  is  a  little  bottom  land,  from  which  the  mountains 
rise  abruptly. 

The  principal  tributaries  of  Grand  Central  River  below  the  forks 
are  Gold  Rim  and  Rainbow  creeks  from  the  east,  and  Thompson, 
Thumit,  Nugget,  Jett,  and  Morning  Call  creeks  from  the  west.  These 
tributary  streams,  with  the  exception  of  Nugget  Creek,  drain  short, 
steep-sided  gulches.  They  have  considerable  fall  and  are  fed  from 
melting  snow. 


» 
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Ill  order  to  use  iho  water  from  the  drainagi*  at  NanfU*  it  has  to  bt 
diverted  over  thc^  Nugget  divide,  which  has  an  elevation  of  7S5ti*(. 
Que  ?<nch  diversion  han  hi^en  made  from  -Tett  Creek  aud  Clipper (>«t. 
from  which  water  is  taken  Ijy  t  lie  Jctt.  Creek  dit«b  into  the  MkttYnr 
ditch. 

The  Miocene  Ditch  Compftny  is  building  a  ditch  which  will  ti^ 
We^t  Fork  above  the  mouth  of  the  Crater  I^ke  outlet,  and  Nont 
Fork  at  an  elevation  of  nboiit  K5Q  feet.  Tliis*  ditch  will  fdhmi&n 
the  wesjt  ii«ide  of  the  valley,  crossing  and  tapping  Thompecra  aiid  Tlat 
niit  creeks,  and  will  pa^ss  over  the  Nugget  dividi.%  wht-nf  it  irifi  1^ 
taken  up  by  the  main  Miocene  ditch  and  carried  to  Glacier  md  km 
creeks* 

The  Wild  Goose  Mining  and  Trading  Compazij  has  started 
Crater  Lake  a  42-inch  contintiouii  wood-pipe  line^  which  will  t 
along  the  .south  side  of  flic  valley  over  the  Nugget  divide  and 
Nome  valley  to  Anvil  Mountain.     The  company  phin^  ta  itei 
use  Oater  Lake  as  a  istoi*ige  reservoir,  into  which  the  malff* 
North  and  West  forks  will  be  diverted  by  lateral  pipes*.    Oth«r  Ut^ 
will  carry  the  water  of  Gold  Run  and  Thompson  Creek  into  the 
]npe  line.     Meaaurenients  made  in  this  drainage  are  shown  m 
following  page^ 


tmANTJ   CENTRAL   RIVER   (NORTH    FYmK). 

North  Fi>rk  of  (inmd  Tentrnl  ]{iver  rises  in  a  cirque  at  thebft-^rf 
Mtmnl  Osbuju.  wliirh  is  surrounded  In"  almost  perpendicular  uj^ion- 
tains  rmnpi  from  \.iH]i)  to  'AJM)  feet  above  the  l>ed  of  the  stn*Jir.i 
Tills  t'iiqtn^  (*onhuris  tlie  reuniimt  of  a  sumll  glacier,  the  mt?luns?iif 
wliich  luairiljiins  a  very  steady  How.  The  ilow  is  added  to  by  a  Ur^ 
sprin«:  Hi  tin  elevation  of  idnmi  St>0  feet, 

Discfuir^^e  nirti'^urcjnriils  on  this  stream  were  made  at  elevatit>Tis^J 
aboiU  T.'id  fi^t't  luid  1  ,():j(f  fuel,  vvhit'li  p*)ints  give  the  flow  at  thedW 
and  pipe  intakes,  rc^spoclively.  The  bed  is  ver>'  rough  and  it  bdiffi 
t  ulr  to  tibtiiin  sntisfiK'tory  tnnisuriniz  sct^tions.  Gage  heighti^  v^r^ 
vnu\  al  tb(^  time  of  tlie  measurements  by  measuring  dowTi  from  rtler 
r-nee  ]>oints  on  rock^. 
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Mean  daily  gage  height  and  discharge  of  Grand  Central  River  {North  Fork)^  1906. 
[Elevation,  750  feet;  dnUnage  area,  5.4  square  mllee.] 


July. 

August. 

September. 

Day. 

Gage     1     Dis- 
heignt.  '  charge. 

Gage          Dis- 
beigfat.      charge. 

Gage     t     Dis- 
helgbt.      charge. 

1 

Feet. 

Sec-feet. 
23 

(23) 

Feet. 

Secret. 

30 
30 
32 
32 
29 

Feet. 

Sec-feet. 
44 

2 

0.92 

6  44 

3 

(23) 
(25) 

38 

4 ' 

38 

5.  .        f.              ..     1          . 

40 

6 1.::.: 

37 

7 ! 

0.81 

632 
33 
31 
33 
32 
27 
27 
28 
28 
027 
625 
27 
25 
27 
(32) 
(36) 
(60) 
6  37 
40 

'3 

67 
71 
54 
48 

33 

8    

31 

9                        .  .. 

.76 

6  27 

10 

28 

11 

1.10 

0  67 

27 

12 

(26) 
26 

13                 ' 

14 

27 

15             ' 

26 

16 

.76 
.74 

25 

17 

25 

18::.::::::::..: :::::::::::::i:::::::::: 

27 

19           

20 

40 
(45) 
a38 
42 
61 
a  47 

21 

22 

.85 

1.5 

be  120 

23...       

34 

.85 

25 

.05 

26 

.9    ,     642 

45 

1        SO 



27 

* 

28 

29 

38 
42 
28 

1 

30               

31 

Mean 

<I39.9 
7.39 
4.67 

36.7 
6.80 
7.84 

<31.6 

Runoff  per  square  mile 

5  85 

Run-off  depth  in  inches 

3.92 

a  Measurements. 

6  Estimates  based  on  gage  readings. 


c  Not  included  in  mean, 
d  17  days. 


'  18  days. 


Note.— These  estimates  are  made  by  subtracting  the  sum  of  the  dischaiges  at  the  West  Fork  and 
Crater  Lake  station  from  the  flow  below  the  forks.*  For  the  davs  for  which  this  method  does  not  give 
coDsistent  results  the  estimates  are  based  on  the  West  Fork  flow  and  are  in  parenthesis.  From 
July  5  to  19  the  flow  did  not  fall  below  40  second-feet.    The  flow  on  June  26  was  43  second-feet. 

Mean  daily  discharge  in  second-feet  of  Grand  Central  River  {North  Fork),  1906. 
f  Elevation,  1,030  feet;  drainage  area,  2.3  square  miles.] 


Day. 

July. 

August. 

September. 

Day. 

July. 

August. 

September 

1 

21 
21 
21 
22 

22 
22 
22 
24 
24 
21 

a23 
25 
23 
25 
24 
20 
20 
21 
21 
20 

a  19 
20 
19 

31 
a  31 
27 
27 
28 
26 
23 
22 
ol9 
20 
19 
17 
18 
19 
18 
18 
17 
19 

20 1 

21 

22 

23 

24 

25 

26 

27 

28 

29 1 

30 

31 

Mean 

Run-off   per  i 

I      square  mile ' 

1  Run-ofl,depth  in  1 
Inches 1 

31 
35 
30 
33 
48 
37 
a33 
34 
38 
28 
32 
21 

20 
24 
27 
45 
a28 
30 
30 
50 
60 
53 
40 
36 

2 

3.                     

4 

5.                

6 

7.                  

8 

9.                     .... 

10 

11.                   

12 1 

13 

14 

ft30.3 
13.2 
7.86 

27.4 
11.9 
13.7 

f22.2 

16 

16 

9.65 

17...            

18 1 

6.46 

19 1 

a  Meaturementt.  Other  discharges  are  obtained  by  taking  about  the  same  percentage  of  the  flow  at 
elevation  7110  feet  at  was  found  on  the  dates  of  roeasurementi.  This  varied  from  70  to  90  per  cent, 
(^agingi  on  June  90  gave  30  tecond-feet,  and  on  June  36,  43  tecond-feet.  The  flow  from  July  6  to  19 
probftblf  exceeded  SSMcond-feet.  ^  16  dayi.  e  18  days. 


« 


^?K.f  *ir  5»-fi 


:£» 


*Jc^  ^rrtiut  Onisn*  tniwer  frwa  'Att  ^inixk 

vn^^h  »i»9i  *s  aiL  ^.tf^^ft£tf>a  ^  ^^7?  fieet  and 
i^r*^.    W#M  Fonc  'iji  iii>c  Imw  as 

ftiut  *.c^fn^,r  T*^.'it0A  the  tkU  fron  die 


Oaborn, 

viudi  wptnte 

It  is  fed  from 

and  brGrmier  Lake. 

'  ol  About  106 

flow  as  X<Mth 

the  rmin  of  Jult  4-12. 

krvts  for  the  itsX  of 


T>i^n^  ii*  ^iCmi^rmUe  glacal  drift  in  the  lower  part  of  the  am. 
t/^,*j^\us4f:  ^^fT^nl  d^pruekiDs,  one  haring  an  area  of  nearly  5  acres. 
Tlv;«i^  fiA  with  vat^r  daring  a  nun  and  gradaaUr  drain  off  through 

Two  gaging  Atationa  vere  established  on  the  fcM^L  at  deTations  of 
1  J)U)  fi?#rt  and  HW  fiset.  The  latter  is  just  above  the  outlet  to  CnUf 
Ijmki',  and  fthftwn  the  Bow  at  die  proposed  diteh  intake.  The  condi- 
tiofM  f</r  measuring  in  this  section  were  especially  good,  and  a  wdl- 
d^iried  rating  was  obtained.  At  low  water  the  width  of  the  fork  is 
1 7  f^et,  depth  2  feet,  and  mean  Telocity  1 J2  feet  per  second. 

The  other  station  was  established  to  obtain  the  flow  at  the  proposed 
pipe  intake  by  comparison  with  the  flow  at  the  lower  station.  The 
flow  was  about  70  per  cent  of  that  at  the  lower  station  during  tk 
earlier  part  of  the  season.  As  the  snow  above  the  pipe  intake 
melted  away  and  the  flow  of  the  springs  between  the  intakes  increased. 
tliiH  percentage  bec4tme  about  35  for  low  water  and  50  for  higher 
wtag^^H.  The  cold  weather  in  September  checked  the  flow  at  high 
levels  and  reduced  the  percentage  to  32. 

DUcharge  meoMuremerUs  of  Grand  Central  River  (West  Fork)  in  1906. 
[Elevation,  860  feet.] 


Dnto. 

holghl. 
FffL 

I  w 

charge. 

Juno  H)  . 

Sec. -feet. 
40  4 

Juno  'US. . , 

38 

July  1   .. 
July  10.. 
July  II.. 

2ao 

116 
86 

Date. 


July  22.... 
July  24.... 
July  26.... 
August  6.. 
August  10. 


Gage 
height. 

Dis- 

Feet. 

See.-ftei 

1.20 

3^1 

1.41 

» 

1.34 

» 

1.12 

m 

l.Ol 

23 

GRAND    CENTRAL   RIVER. 
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Mean  daily  gage  height  and  discharge  of  Grand  Central  River  ( West  Fork),  1906. 
Elevation,  860  feet;  drainage  area,  54  aqtiare  miles.] 


July. 

Aogust. 

September. 

Day. 

height. 

Dis- 
charge. 

Oage 
height. 

Dia- 
chaige. 

Oage 
hei^t. 

Dis- 
charge. 

I.                 

Feet. 

Sec-feet, 

28 
22 
28 
162 

Feet, 
1.12 

30 
30 
34 
34 
30 
32 
29 
26 
23 
25 
28 
27 
25 
24 
23 
22 
22 
22 
21 
30 
36 
60 
37 
33 
38 
54 

% 

44 
44 

Feet. 
1.27 

Sec-feet. 

44 

2                                                           

1.1 
1.0 
1.1 

1.8 

1.24  >         40 

3 

1.2 

1.12 

1.08 

1.05 

1.05 

1.02 

1.01 

1.0 

1.0 

1.0 

.98 

.95 

.92 

.92 

.92 

1.0 

36 

4                                                         

30 

5 

27 

6.    .     '   ■   "   •]     

1.12 
1.15 
1.11 

25 

7 ' 

25 

8..                   1 

23 

9 

23 

10 

11 

1.65         116 
1.53  t        86 

i.62 

1.05 

1.1 

1.08 

1.06 

22 

22 

12 

13  .                       

1.75 

1.6 

1.55 

1.45 

1.4 

1.45 

1.4 

1.3 

1.3 

1.35 

1.2 

1.52 

1.41 

1.33 

1.25 

1.25 

144 
103 
90 
70 
61 
70 
61 
47 
47 
54 
36 
83 
63 
51 
42 
42 
39 
36 
32 
31 

22 

21 

14 

20 

15...              

19 

16 

1.01 
1.0 
1.0 
1.0 
.98 
1.12 
1.2 
1.39 
1.21 
1.16 
1.22 
1.35 
1.3 
1.3 
1.27 

19 

17 

19 

18 

22 

19 

20 : 

31 



22 

1.6 

<>103 

23 

24 

25 

26 

27 

28 

29 

1.2 

1.15 

1.14 

1 

30 

31 

Mean 

650.8 
11.07 
11.12 

32.5 
6.02 
6.94 

«25.5 
4.72 
a  16 

Ran-ofl  per  nquare  mile 

Run-off,  depth  in  incties 

a  Not  included  in  mean.  b  27  days.  c  18  days. 

Mean  daily  discharge,  in  second-feet^  of  Grand  Central  River  (West  Fork),  1906. 
[Elevation,  1,010  feet;  drainage  area,  2.8  square  miles.] 


Day. 

July. 

August. 

Septeml)er. 

22 
19 
16 
12 

9 

9 

8 

8 

7 

7 

7 

6 

6 

6      ' 

6 

7 

Day. 

July 

August. 

September. 

1 

a  19 
18 
15 
18 

12 
12 
12 
14 
14 
al2 
12 
10 

9 

8 

9 
11 
10 

9 

8 

8 
a7.6 

8 

8 

20... 

20 
23 

a  15 
44 
32 

a25 
19 
19 
16 
14 
13 
12 

7 
12 
16 
30 
a  18. 5 
15 
19 
27 
24 
24 
22 
22 

2 

21 

3 

22 

4 

23 

5 

24 

6 

25 

7 ' 

26 

8 1 

27       ...  . 

9 1..: 

28 

10 

29 

11 

045 
72 
52 
45 
32 
27 
32 

30 

12 

31 

13 

14 

Mean 

fe27.0 
9.64 
8.96 

13.9 
4.96 
5.72 

^g.  4 

15 

16 

17 

18 

19 

Run-off  per 
square  mile 

Run-off,  depth 
in  inches 

3.36 
2.25 

«  Measurements.  Other  discharges  are  obtained  by  taldng  about  the  same  percentage  of  the  flow  at 
elevation  860  feet  as  was  found  on  the  dates  of  measurements.  Oagings  on  J  une  19  gave  28  second-feet, 
and  on  June  26, 26  second-ftet. 

»25dayt. 
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CRATER   LAKE   OUTLET. 


Crater  Lake  discharges  into  West  Fork  of  Grand  Central  River  just 
below  the  lower  point  of  measurement  on  that  stream.  The  lake, 
which  lies  in  a  depression  of  glacial  origin,  has  an  elevation  of  973  feet 
and  an  area  of  106  acres.  Its  basin  adjoins  those  of  Sinuk  River  and 
Thompson  Creek. 

A  gaging  station  was  located  on  the  outlet  about  midway  between 
the  lake  and  West  Fork.  The  stream  bed  is  composed  of  lai^e  angular 
rocks  and  has  a  fall  of  nearly  300  feet  to  the  mile.  It  is  hard  to  make 
measurements  on  accoimt  of  the  swiftness  of  the  current,  and  the  one 
at  high  water  is  only  approximate.  Gage  heights  were  taken  by 
employees  of  the  Wild  Goose  Mining  and  Trading  Company. 

Discharge  measurementa  of  Crater  Lake  outlet  in  1906. 
[Elevation,  925  feet.] 


Date. 


June  19. 
June  26. 
July  1 . . 
July  10. 
July  22. 


Oa^e  Dl8- 

height.      chai^. 


Feet. 


1.55 
.96 


Sec-feet. 
14.2 
23.7 
13.6 
59 
12.0 


Date. 


July  24 1 

August  6 1 

August  8 1 

August  16 1 

September  9 


hSSTt. 

DU- 
ch&rgp. 

Feet. 

Sec-feet. 

1.10 

2L5 

.90 

7.1 

.98 

UO 

.80 

5.« 

.73 

i3 

Mean  daily  gage  height  and  discharge  of  Crater  Lake  outlet,  1906. 


[Drainage  area.  1.8  square  i 

niles.] 

August. 

July. 

September. 

Day. 

Gage 
height. 

Dis- 
charge. 

Gage 
hel^t. 

Dis- 
charge. 

Gage 
heigit. 

Dis- 
cbAife. 

1 

Feet. 

Sec-feet 
14 
14 
14 

Feet. 
0.85 

Sec-feet. 

7 
8 
8 
9 
9 

11 

12 

10 
9 
9 

14 

11 
9 

7  • 
5.5 
6.5 
5.6 
5.5 
5 

16 

15 

15' 
14 
21 
23 
21 
17 
14 
13 

Feet. 
0.98 
.94 
.9 
.82 
.78 
.78 

Secfffi- 
13 

2               .            

1.0 
1.0 
1.15 
1.65 

10 

3 

9 

4.                 .   .       

6 

5 

5 

6 

.9 

.95 

.96 

5 

7                                    .                                          

.78            5 

8.                     

.75  1          4.5 

9. . . - 

,73  1          4.3 

lO....' 

11 

12 

13 

14 

15 

1.55 
1.25 
1.45 
1.3 
1.15 
1.1 
1.15 
1.1 
1.05 
1.0 
1.0 
1.05 
.96 
1.06 
1.1 
1.05 
1.02 
1.0 

59 
33 
50 
37 
25 
21 
25 
21 
17 
14 
14 
17 
12 
18 
21 
17 
15 
14 
12 
9 
8 
8 

.9 
.9 
1.0 
.95 
.9 

.71             4.1 
.60  1          39 
.68            3.^ 
.65'          35 
.65  ,          3.5 
.61              11 

16 .. 

17 

18 

19                                  

.8 

.8 

.79 

.8 

.78 
1.01 
1.01 
1.22 
1.02 
1.0 
1.1 
1.12 
1.1 
1.05 
1.0 

.61  1          3.1 
.61             3.1 
.75  1           4.5 

20 

21        .                            

22 

23        

1.4           «« 

24 

25 

26            .                     .... 

27 

28                              

29                              ... 



:9 

.88 
.88 

30 

31 

Mean 

b22.8 
12.4 
12.4 

11.8 
6.56 
7.56 

e5J 

Run-ofl  per  square  mile 

Run-off,  deptn  in  inches 

a  Not  included  In  mean. 


*27  days. 


f  18  days. 
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GRAND   CENTRAL   RIVER   BELOW   THE   FORKS. 


This  station  was  established  to  obtain  the  total  flow  from  the 
headwaters  of  Grand  Central  River  and  also  to  ascertain  the  amount 
that  can  be  diverted  over  the  Nugget  divide,  as  there  is  but  little 
water  coming  into  the  stream  between  the  measuring  section  and 
the  proposed  pipe  and  ditch  intakes.  At  ordinary  stages  the 
river  at  the  measuring  point  is  50  feet  wide,  2  feet  deep,  and  has  a 
mean  velocity  of  1.2  second-feet.  Gage  readings  were  taken  by 
employees  of  the  Wild  Goose  Mining  and  Trading  Company. 

Discharge  measurfments  of  Grand  Central  River  below  the  forks  in  1906. 
[Elevation,  680  feet.] 


D*te. 


July  1 
JulyU 
July  24 
July  24 


Date. 


July  26... 
August  7. 
August  17 


Gage 
height. 


Dis- 
charge. 


Feet.       Sen.  feet. 
1.10  101 

66 
.79  54.4 


Mean  daily  gage  height  and  discharge  of  Grand  Central  River  below  the  forks,  1906. 
[Drainage  area,  14.6  square  miles.) 


July. 

August. 

September. 

Day. 

Gaee 
height. 

Dis- 
charge. 

Gage 
hel0it. 

Dis- 
charge. 

Gage 
hel^t. 

Dis- 
charge. 

1 

Feet. 

0.95 

.9 

.95 

1.05 

1.87 

Sec-feet. 

56 
63 
80 
370 

Feet. 

0.9 

.9 

.9 

.95 

Sec-feel. 

67 
67 
74 
74 
67 
79 
73 
67 
65 
66 
68 
65 

Frei. 

1.1 

1.05 

1.0 

.95 

.93 

Sec-feet. 
100 

2 

91 

3 

82 

4 

5 

74 
72 

6 

.9 
.98 
.94 
.9 

67 

7 

63 

8 

^ 

50 

,S::::;::;:::;;::::::;:::::::::;:::;:::::: 

1.75 

1.7 

1.46 

325 

300 

198 

280 

198 

187 

168 

160 

180 

100 

91 

100 

100 

82 

143 

145 

118 

100 

100 

100 

82 

82 

67 

.8 

55 
54 

11 

.78 
.75 
.75 
.75 
.72 
.71 

53 

12 .   .   

50 

13:::.::::::::::::.:.::..:.:.:::.:.:  :::: 

1.45 
1.42 

50 

14 

62 
59 

50 

15 

48 

16. ... .:: : 

.81 

47 

17 

1.4 
1.1 
1.05 
1.1 
J.l 
1.0 
1.28 
1.29 
1.18 
1.1 

.79          54 

47 

18 

54 
53 
53 
65 
59 
210 
96 

54 

19                       

20 

.78 

21     .                  

22 

1.72  1      O310 

23,                      

24... 

1.08 

1 

25                

1.02 

86 
140 
210 
135 
135 

1 

26 

27  ..              

28 

1.1 

1.0 

1.0 

.9 

i.25 
1.25 

1 

29 

1 

30 

1.15  1       111 
1.12         104 

r 

31 

1 

Mean 

6  144 
9.86 
10.27 

85.2 

C62.0 

Run-off  per  square  mile 

5.84 
6.73 

4.25 

Run-off,  depth  in  inches '  -  

2.84 

' 

a  Not  Included  In  mean. 


6  28  days. 


c  18  days. 


Note.— The  Interpolated  discharge  of  Aug.  21-23  and  26-27  are  40  to  45  per  cent  of  the  flow  at  the  sta- 
tion t)elow  Nugget  Creek.  This  is  about  the  proportion  that  holds  for  higher  water.  Other  interpola- 
tions are  madeby  comparison  with  the  West  Forlc  and  Crater  Lake  outlet  stations. 
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GRAND   CENTRAL   RIVER   BELOW    NUGGET  CREEK. 

This  station  was  established  on  June  30,  but  it  was  not  possible  to 
obtain  regular  gage  readings  iintil  August  12,  after  which  date  the 
gage  was  read  once  each  day  by  A.  W.  Peterson.  At  low  water  the 
river  at  this  point  is  about  50  feet  wide,  1  to  2  feet  deep,  and  has  a 
mean  velocity  of  about  2  feet  per  second.  It  is  impossible  to  obtain 
measurements  above  gage  height  1.2  feet  by  wading.  The  estimates 
at  this  station  give  practically  the  total  flow  of  Grand  Central  River 
into  Salmon  Lake. 


Discharge  measwremenis  of  Grand  Central  River  below  Nugget  Creek^  1906. 


June  24... 
June  30... 
July?.... 
August  4. 


Date. 

'  hei^. 

Dis- 
charge. 

j     Feet. 

Sec-feet. 
313 

<         0.57 

148 

'           .96 

286 

!             .46 

123 

1 

Date. 


August  28... 
September  9. 
September  14 


Qace    I     Dis- 
height.     charge. 


Feet 
LIO 
.46 
.36 


Seeded. 
3M 
121 
101 


Mean  daily  gage  height  and  discharge  of  Grand  Central  River  below  Nugget  Creek,  1906. 

(Drainage  area,  39  square  miles.] 


July. 

August. 

September. 

Day. 

Gage 
height. 

Dis- 
charge. 

helSt. 

Dis- 
charge. 

hei^. 

Dis- 
charge. 

1 

Feel. 

as 

.45 

Sec.feet. 
132 
120 

Feet. 

Secfeet. 

Feet. 
0.8 
.75 
.65 
.6 
.6 
.55 
.5 
.5 
.45 
.42 

Sec^. 

2 

304 

3 



172 

4 

1 

157 

5 : : 

1 

157 

6 ' 

*  1 

141 

7.                             -. 

1 

133 

8 

132 

9 

130 

10 

1.9 

750 

114 

11.    ..               

.4    1       109 

12 

13.     . 

,         1.55 

545 

0.5 
.5 
.5 
.4 
.42 
.45 
.4 
.35 
.5 
.55 

ii 

.8 

.7 
1.05 
1.5 
1.1 

.95 

132 
132 
132 
109 
114 
120 
109 
100 
132 
144 
132 
520 
220 
187 
310 
520 
330 
272 

.4    ■       109 
.38  j       105 

14 

.35         100 

15 

.35         100 

16 

.3            90 

17.   : 

.3    '        90 

18                                       ....                     .  .            '  .          . 

.4           109 

19 1 

1.2           37S 

20                         . ! . 

2.6        1,330 

21 

22                   .              

.6    1           157 

2.2          «» 
1.6    .       570 

23 

1.6    '       570 

24                          

1.35         445 

25 

1 

1. 15         3S 

26              

5    1            132 

27 

28              

29 

1 

30 

.9           255 
.8            220 

31 

Mean 

«210 
5.38 
4.00 

»274 
7.03 
6.54 

Run-off  per  square  mile 

Run-off.  deoth  in  inches    

1 

0  20  days. 


625  days. 
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GOLD   RUN. 

Gold  Run  enters  Grand  Central  River  from  the  east  2  miles  below 
the  forks.  It  drains  a  deep  gulch,  has  a  very  steep  grade,  and  termi- 
nates in  a  large  gravel  fan,  where  its  flow  sinks  and  disappears. 

In  order  to  determine  the  quantity  of  water  from  this  stream  avail- 
able for  diversion  across  the.  Nugget  divide  a  station  was  established 
at  an  elevation  of  about  800  feet. 

Mean  daily  gage  height  and  discharge  of  Gold  Run,  1906. 
(Elevation,  800  feet.] 


1.. 

2.. 

3.. 

4.. 

5.. 

6.. 

7.. 

8.. 

9.. 
10.. 
11.. 
12.. 
13.. 
14.. 
15.. 
16.. 
17.. 


Day. 


July. 


August. 


September. 


Ga«e 
height. 


Feet. 


I      Di»- 
;  charge. 

Sec-feet. 

a  13 
13 

I       ao 


Ga«e 
leight. 


heigl 


Feet. 


L03 
.90 


Dis- 
charge. 

Oa«e 
height. 

1      Dis- 
1  charge. 

Sec-feet. 

Feet. 

Sec-feei. 
30 

18 
18 

a95 

1         »26 
1           23 

20 

'           20 

24 

17 

30 

16 

»34 

'           15 

b22 

1           14 

6  21 

!           13 

1.21 


.84  , 
1.0 


1.00 
.93  I 


52 
a60 

55 

45 

40 

38 

42 

24 

20 

22 

23 
al&5 
6  30 

30 
«30 
6  24 

24 

21 

20 

19 

18 


.81 


.99 


L13 


20 
20 
24 
22 
20 
18 
617 

>ia5 

16 

16 

15 

28 

34 

50 

34 
629 

44 

68 
a  51 

40 

36 

32 


.71 


Mean. 


C29.0 ; 


a  12 
12 
12 
11 
11 
11 
10 
10 
12 


<'15.3 


a  Meaaarements. 

6  Eatlmatea  based  on  gage  heights.  Other  estimates  were  made  by  plotting  a  hydrograph  passing 
tbrooe^  ^bo  known  points  and  following  the  rise  and  fall  of  the  other  streams  in  the  vicinity.  Oagings 
made  on  June  20  gave  22  second-feet  and  on  .1  une  25, 24  second-feet. 

c2S  days. 

tf  18  days. 

THOMPSON    CREEK. 


Thompson  Creek  enters  Grand  Central  River  from  the  west  about 
2  miles  below  the  forks.  It  drains  a  small  glacial  cirque  almost 
wholly  surrounded  by  very  steep  walls  ranging  from  1,000  to  2,000 
feet  high.  Measurements  were  made  at  a  point  with  an  elevation 
of  720  feet,  which  gives  the  amount  of  water  available  for  diversion 
over  the  Nugget  divide. 
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Daily  gaifr  height  umi  tiitchtxrge  tjf  Tlmmpsm^  Crtrkt  WM, 


M.  in 

Uuii-o(T  per  stjuan-  niiU' 
Kun-(»lT,  depth  ill  iiichoa  . . . 

"  MoMsumiiciits. 

''  Kstiiiiatcs  l>asc(i  on  pi^'"  ln'ights.     OtlnTt'stimalrs  wen-  iiia<i(^  l>y  {il"tli;ii:  i  hv  .-  .-■ 
tliroii^Mi  (he  known  points  ami  following  the  riso  ami  fall  of  ("ra  t«T  Lakioutl.t.  -a  h  - 
that  of  Ihonipson  Cnvk  and  is  of  a  siiuilarc-hjiract+^r.     A  Tnea.sun'ni<-nt  on  Jai:'-  2' t';tv.  4.  •* 

c  '2't  <la\s. 

d  IS  (lays. 

NUGGET    AND    COPPER    CHEEKS. 

-Nu.iriX<^*t  Creek  rises  in  the  divide  between  Nonu^  Kiver  aiui 
Central  Kiver  and  empties  its  waters  and  tliose  of  it-  tri 
Copper  Creek,  into  Grand  Central  liiver  about  2  miles  alntvt 
Lake. 

The  headwaters  of  both  Nut^^et  and  Copper  creeks  an-  (j'i 
eipitous  and  are  said  to  i)e  fed  ])v  s})rin^s  in  limestone.  ^! 
nKMits  were  made  on  Xu<:i;et  Creek  at  an  elevation  of  7no  f«'t" 
point  of  the  diversion  of  its  waters  over  the  Xutrcret  dividr 
(irand  Central  ditch. 

The  How  of  Co]^|)er  Creek  is  also  tappea  by  a  branch  oi  ii 
Creek  ditch  at  an  elevation  of  about  800  feet. 
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June  18. 
June  19. 
June  21 . 
June  28. 
July  12.. 


Discharge  measurements  of  Nugget  and  Copper  creeks  in  1906. 

NUGGET  CREEK. 
[Elevation,  785  feet.] 


Date. 


Elevation 
of  point  of 
measure- 
ment. 

Feet. 


Discharge. 


Sec.'feet. 

•     1.8 

1.0 

4.4 

.96 

as 


Date. 


August  11 

August  29 

September  2... 
September  7... 
September  14.. 


Elevation  | 
ment. 


Feet. 


Sec-feet. 
3.0 
8.6 
6.8 
6.1 
4.4 


June  18. 
June  19. 
June  21. 
July  12. 


COPPER  CREEK. 


700  I 
800  I 
700  I 
700  I 


as 

a7 

11.6 
11.3 


July  21 

August  11 

August  31 

September  10. 


800 
800 
800 
800 


2.4 

.8 

6.6 

2.4 


JETT   CREEK. 

Jett  Creek  enters  Grand  Central  River  from  the  south.  It  has  a 
short  drainage  and  is  made  up  of  a  series  of  falls  and  rapids.  Water 
IS  diverted  over  the  Nugget  divide  into  Nome  River  by  the  Jett  Creek* 
diteh  (see  p.  19  for  measurements  on  Jett  Creek  ditch). 

Measurements  were  made  to  show  the  amount  of  water  avail- 
able at  the  diversion. 


Discharge  measurements  of  Jett  Creek  in  1906. 
(Elevation,  800  feet.] 


Date. 


June  19 
July  2.. 
July  12. 


Discharge. 


Sec.'feet. 
149 
4  4 
14.3 


Date. 


I 


July  21 

August  31..   . 
Septeml)er  10. 


Discharge. 


MORNING   CALL   CREEK. 

Morning  Call  Creek  enters  Grand  Central  River  from  the  south 
near  Salmon  Lake.  The  hills  to  the  south  are  lower  and  more  exposed 
than  in  the  case  of  Copper  and  Jett  creeks,  and  the  snow  melts  earlier 
in  the  spring.  At  low  water  all  the  flow  disappears  in  the  previous 
limestone  above  the  point  where  a  ditch  intended  to  cross  the  Nugget 
divide  would  have  its  intake.  The  water  appears  again  near  the 
contact  with  the  schist,  at  an  elevation  of  about  750  feet. 

Discharge  measurements  of  Morning  Call  Creek  in  1906. 


Date. 


Eleva- 
tion of 
point  of 
measure- 
ment. 


Feet. 

June20 700 

June20 i  900 

June  24 1  500 


Dis- 
charge. 


Sec. -feet. 

24.6 
27.3 


Date. 


Eleva- 
>   tionof   I 
[  point  of 
measure- 
ment. 


Dis- 
charge. 


July  2... 
July  12.. 
August  9 


Feet.  Sec. -feet. 

700  10.0 

700  20.8 

900  ao 
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SALMON  LAKE. 

Salmon  Lake  lies  at  the  foot  of  the  Kigluaik  Mountains  at  an  eleva- 
vation  of  about  442  feet.  It  has  a  water  surface  area  of  1,800  acres 
and  a  drainage  area  of  81  square  miles.  Its  principal  supply  comes 
from  Grand  Central  River,  which  enters  it  at  its  western  end.  A 
number  of  small  streams  also  enter  the  lake  from  both  the  north  and 
the  south,  but  with  the  exception  of  Fox.  Creek  and  Jasper  Creek  these 
are  of  minor  importance.  The  outlet  of  the  lake  is  through  Kruz- 
gamepa  River. 

This  lake  oflFers  an  excellent  opportunity  for  a  storage  reservoir 
for  power  purposes  and  mining  along  Kruzgamepa  River.  The  use 
of  its  water  in  the  vicinity  of  Nome  is  practically  prohibited  owing  to 
its  low  elevation  and  the  long  tunnel  which  would  be  necessary  to 
bring  the  water  through  the  Nugget  divide  into  the  Nome  River 
basin.  By  raising  the  water  of  the  lake  to  an  elvation  of  500  feet  the 
shortest  tunnel  line  would  be  between  5  and  6  miles  long;  and  if  any 
allowance  be  made  for  drawing  on  the  storage,  water  could  not  be 
brought  through  to  the  Nome  Valley  at  an  elevation  greater  than 
about  450  feet.  The  mouth  of  the  tunnel  would  be  near  Dorothy 
Creek,  and  the  loss  in  grade  between  there  and  Nome  would  bring  the 
water  so  low  that  it  could  not  be  used  to  any  extent  for  hydraulicking. 
Even  if  the  water  could  be  brought  to  the  vicinity  of  Nome  xmder  a 
sufficient  head  for  hydraulicking,  the  great  cost  and  difficulty  of  build- 
ing so  long  a  tunnel  would  make  the  feasibility  of  the  plan  veiy 

doubtful. 

Measurement  of  flow  in  and  out  of  Salmon  Lake  in  1906. 


Date. 

Stream. 

iDischaiSB. 

1 

June  22 

Rainbow  Creek 

1   ^^-^4 

Do 

Fox  Creek 

1              » 

Do 

8  small  streams  from  north 

::::.::::::::!      -e 

Juzie24 

Jasper  Creek 

aft 

Do 

Morning  Call  Creek 

:.::  :   .::i      27 

Do 

Jett  Creek 

«10 

Do 

6  small  streams  from  south 

04 

Do 

Qrand  Central  River  below  Nugget  Creek 

313 

Total 

1 

474 

June  23. . 

Kruzgamepa  River,  at  outlet  nf  Salmon  Lake 

'            42S 

' 

a  Estimated. 
Note.  —The  stage  of  Salmon  Lake  remained  praotioally  constant  June  22-24.  inclusive. 

A  measurement  on  Fox  Creek  on  August  16  gave  a  discharge  of 
17.3  second-feet. 

KRUZGAMEPA  RIVER  DRAINAGE  BASIN  BELOW  SALMON  LAKE. 
GENERAL   DESCRIPTION. 

Kruzgamepa,  or  Pilgrim,  River,  the  outlet  of  Salmon  Lake,  has  a 
larger  discharge  than  any  other  stream  in  this  section.  For  about  12 
miles  it  follows  a  valley  ranging  from  6  to  12  miles  in  width,  and 
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then  enters  the  lowlands  north  of  the  Kigluaik  Range,  and  finally 
discharges  into  Imuruk  Basin.  The  principal  tributaries  are  Crater, 
Grouse,  and  Homestake  creeks  from  the  north  and  Iron  Creek  from  the 
south. 

As  it  leaves  Salmon  Lake  the  river  flows  through  a  narrow  outlet 
having  a  width  of  150  feet  at  the  bottom  and  500  feet  at  the  t<5p, 
oflFering  an  excellent  dam  site  and  location  for  a  hydro-electric  power 
plant.  Plans  for  the  construction  of  such  a  plant  have  been  per- 
fected by  the  Salmon  Lake  Power  Company,  which  plans  to  develop 
3,000  horsepower,  to  be  used  on  dredges  at  Nome  and  Council  and 
on  Solomon  River. 

Salmon  Lake,  at  its  present  level,  442  feet,  covers  1,800  acres;  if 
raised  to  a  level  of  475  feet  it  would  cover  3,600  acres;  and  at  500 
feet,  4,600  acres.  The  reservoirs  thus  formed  may  be  used  for  the 
storage  of  the  water  of  the  floods  caused  by  the  melting  snow  in 
the  spring  and  the  occasional  heavy  rains  in  the  summer.  The 
water  thus  retained  will  give  a  large  minimum  flow  not  only  in  simi- 
mer  but  also  during  the  winter  months,  when  the  natural  run-off 
becomes  small. 

Kruzgamepa  River  seldom  freezes  over  before  the  first  of  January, 
and  it  is  probable  that  with  proper  installation  power  could  be 
developed  throughout  the  year. 

KRUZGAMEPA   RIVER   AT   OUTLET   OF   SALMON    LAKE. 

A  gaging  station  was  established  at  Leland^s  camp,  about  100  yards 
below  the  lake.  During  the  spring  flood  a  temporary  gage  had  been 
set  by  Mr.  John  P.  Samuelson  and  read  twice  a  day.  Float  measure- 
ments were  also  made,  which  gave  a  discharge  considerably  smaller 
than  the  open-water  flow,  showing  a  backwater  effect  caused  by  snow 
banks  in  the  channel  below.  This  effect  became  less  as  the  water  fell 
and  the  snow  banks  melted. 

A  new  gage  was  set  June  23,  with  its  datum  3  feet  below  that,  of  the 
temporary  gage.  The  old  gage  heights  were  reduced  to  the  datum  of 
the  new  gage  by  adding  3  feet.  A  tagged  wire  stretched  across  the 
river  gave  distances  from  the  initial  point.  Measurements  were  made 
by  wading  at  low  water  and  up  to  a  gage  height  of  1 .5  feet.  At  higher 
stages  it  was  impossible  to  reach  the  middle  of  the  stream,  because  of 
the  depth  and  velocity  of  the  water,  and  float  measurements  were 
resorted  to. 

The  gage  was  read  twice  daily  by  Mr.  John  P.  Samuelson.  The 
natural  storage  in  the  lake  regulated  the  flow,  making  the  rise  and  fall 
very  gradual,  and  the  gage  readings  give  the  mean  height  of  the  lake 
very  closely. 

A  change  in  channel  occurred  during  the  high  water  of  July  8  to  9, 
the  soundings  showing  a  scour  in  the  middle  of  the  gaging  section  of 
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about  0.2  foot,  and  the  increase  in  velocity  indicating  an  even  greater 
scour  below.  No  low-water  measurements  could  be  obtained  after 
the  high  water  of  September  21  to  23,  but  it  is  believed  that  no  change 
occurred. 

Discharge  measurements  of  Kruzgamepa  River  at  outlet  of  Salmon  Lake  in  1906, 


June  23 

June  29 

June  30 

July  9 

Do 

July  10 

August  4 

August  15 

August  25. . . 

August  26 

August  28 

September  1. 
September?. 
September  17 
September  21 
September  23 
September  24 


Area  of    '      Mean      i       Gage      '  ma-K..©- 
section.       velocity,  i     height.     ,  ^Jiscnaige. 


Squarefect. 

Ft.  per  sec. 

1 
Feet.      Seam^uL 

183 

2.32  1 

1.22  1 

425 

170 

2.08  1 

1.00 

353 

157  ' 

2.01 

.93 

315 

431 

6.43  1 

3.18  1 

2.340 

412 

5  09' 

3.02 

2,094 

372  , 

4.73  1 

2.68  1 

1,780 

117  ' 

1.81 

.38 

212 

116 

1.80  1 

.37 

ao9 

148  , 

2.11  1 

.70  1 

312 

159 

2.33 

.80, 

371 

184  1 

2.49  i 

1.02  ' 

458 

164  1 

2  27  1 

.85  1 

373 

127 

1.95  1 

.52' 

248 

108 

1.62  1 

.27  1 

175 

336 

4.61  , 

Z38| 

1,516 

299 

3.76 

2.06' 

1,124 

«« 

3.44  1 

1 

1.80  1 

i 

925 

Mean  daily  gage  height  and  discharge  of  Kruzgamepa  River  at  Salmon  Lake 
[Drainage  area,  81  square  miles.] 
June. 


May. 

I 
charge. 


,  (Jage    I    Dis- 
,  height. 


1 

,  Feet. 

Sec.-ft. 

2 ! 

3 

4 

5                        j 1 

0 ' 

7            .                i - 

K 

1 

9. 
10. 
11- 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 


Gage       Dls- 
height.  charge. 


July. 

Gage       Dis- 
height.  charge. 


Feet. 
3.05 
3.76 
3.9 
4.2 
3.75 
3.2 
2.45 


Sec.-ff. 
1,780 
2,270 
2,350 
2,520 
2,270 
1,920 
1,220 


-I- 


24.. 
2,5.. 
2<i.. 
27.. 
28.. 
•29.. 
30. 
31.. 


6  45 
5.0 
4.05 
3.6 


Mean 

Run-off  per  square 

mile 

Run-off,  depth    in 

inches 

Run-off     in     acre-  I 

feet 


1.2 
1.25 
1.2 
1.12 
1.1 
1.05 
1.02 
.92 


420 
442 
420 
388 
380 
360 
348 
308 


Feet. 

0.82 

.72 

.7 

.7 

.8 

1.1 

1.1 

1.92 

3.05 

2.6 

2.2 

1.95 

1.85 

1.65 

1.45 

1.25  I 

1.12 

1.08 

.98 

.9 

.82  I 
.85  I 
.82  , 
.86 
.82  ' 


3,270 
3.000 
2.430 
2,180 


2.720    O2.050  '  6383 

33.6    25.3  j  4.73 

5  00  1   6.69  I  1.41 

21,600  '  28,500  1  6.040 


.72 

.7 

.62 

.65 

.5 


Sec.'ft. 
i        272 
241 
235 
235 
265 
380 
380 
1,030 
2,130 
1,640 
1,275 
1,065 
985 
768 
702 
682 
511 
490 
441 
405 
369 
382  I 
369 
382  I 
369  ' 
360  I 
328  I 
320  I 
288  I 
262 
245  I 


August. 


September. 


Gage       Dis-    )   Gage 
height,  charge., heignt. 


Dis- 
charge. 


Feet. 
0.48  I 
.42 
.38 
.36 
.38 
.38 
.4 
.4 
.4 

.36  i 
.35 
.361 
.36, 
.34  ' 
.36, 
.36  ' 
.32 

.32 
.39  ! 

.66  ' 
.71 

.7 

.76, 
.9  I 
1.02 
1.05  ' 
.99  I 
.94 


Sec.-ft. 
239  ' 
221  I 
209 
203  1 
209 
209 

215  , 

216  ' 
216  I 
203 
2OOI 
200; 
203 
197  I 
202  , 
200! 
197 
186 
175 
191 
212  , 
221  ' 
304  j 
324 
320  I 
344 
406  ' 
460  , 
475' 
446 
423' 


Feel. 
.86 
.81 
.74 
.69 
.65 
.6 
.53 
.49 
.46 
.41 
.39 
.37 
.34' 
.311 

.28  1 

.26 

.27 

.52 

1.34 

2.35 

2.4 

2  11 

1.78 

1.58 

1.38 

1.22 

1.08 

.99 


Sec.'ft. 
387 
364 
336 
316 
300 
280 
256 
243 
233 
218 
212 
206 
197 
1S8 
183 
190 
175 
178 
2S2 
634 
1.410 
1.455 
1,198 
930 
757 
658 
565 
4B0 
441 
396 


I 


671  1 259 

7.05  1 3.20 

8.13  1 3.69' 

I               I  ' 

35,100  1 15.900  . 

I  I 


456 

5  63 

6.S 
27.  IW 


« June  1  to  7. 


6June23  to30. 
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CRATER   GREEK. 

Crater  Creek  is  the  first  large  tributary  entering  Kruzgamepa  River 
from  the  north.  It  rises  in  mountains  that  reach  an  elevation  of 
nearly  4,000  feet.  The  topography  and  general  character  of  its  basin 
closely  resemble  those  of  the  Grand  Central  River.  (See  page  23.) 
It  drains  many  small  lakes,  but  none  of  any  considerable  size.  This 
stream  has  good  possibilities  for  water-power  development.  Meas- 
urements were  made  at  an  elevation  of  about  550  feet. 


Discharge  mfosiirements  of  Crater  Crfrk  in  19()H. 
[Elevation  550  fcH't.] 


Date. 


Augusts.. 
August  15. 
August  27. 


Cage 
ight. 


heigl 
Frft. 


Dis- 
charge. 


Sec-feet. 

I  67 

0. 46  I  57 

1.30  290 


Date. 


September  1 . . . 
8epteml)er8... 
Septeml>er  1ft. . 


Oage 
height. 

Feet. 
0.71 
.45 
.35 


Dl». 
charge. 

Sec-feet. 

•  110 

55 

39 


IRON    CREEK. 

Iron  Creek  rises  in  an  area  of  limestone  and  schist  hills  of  no  great 
elevation  lying  between  Salmon  Lake  and  the  headwaters  of  Casade- 
paga  and  Eldorado  rivers.  It  is  formed  by  the  junction  of  Eldorado 
and  Telegram  creeks.  Its  principal  tributaries  arc  Discovery  and 
Canyon  creeks,  both  from  the  southwest.  The  portion  of  the  stream 
above  Discovery  Creek  is  sometimes  called  Dome  Creek.  Iron 
Creek  empties  into  Kruzgamepa  River  about  12  miles  below  Salmon 
Lake. 

Several  mines  are  being  worked  successfully  on  this  stream  and  its 
tributaries.  During  1906  the  Gold  Beach  Development  Company 
built  a  ditch  13  miles  hmg,  which  diverts  water  from  Eldorado,  Dis- 
covery, and  Canyon  creeks,  for  use  on  Discovery  No.  1  and  No.  2 
claims  on  Iron  Creek. 


Date. 


Measurements  of  Iron  Creek  and  tributaries  in  1906. 


Stream. 


August  14 Iron  Creek 

September  15 do 

August  14 

September  15. 

August  13 

September  15. 


Iron  (Dome)  Creek. 

.-..do 

Eldorado  Creek 

do. 


August  13 1  Discovery  C  reek . 

September  15...' do 

August  13 ;  Canyon  Creek... 

September  15... do 


Elevation. 

Discharge. 

Feet. 

SrC'feet. 

450 

117.1 

425 

a  26.1 

(i:W 

6.0 

(i30 

5.0 

750 

4.5 

750 

5.6 

740 

1.25 

740 

2.3 

7W) 

1.3 

760 

1.1 

a  Below  Canyon  Creek. 


jl 


about  0.2  Um.  and  the  mo  "''^'  ^^'^*'"*  ^^^"^'^'^ 
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Jdj  10     - 


IC 


sS.    0«ta.p' 


Aoioft  IS 
AQga»t  2S. 
Aagu*t  3S- 


Agfa»t  » 

ftpc«nber« 
ApCrtDNT33 


AcpCADber 


71-. 


:?4- 


157 
«1 

372 
117 
il6 
148 

136 

1S4 

164 

127 

lOS 

336 

299 

269  I 


^0         £S        [^         it^ 


201 
5.43 

473 

l.ffl 
1-80 

ill 

233 
2« 
2  27 

lis 

1.62 
4  61 
3.76 
341 


SB 

102 
i« 

.70 

.«) 

1.02 

.52 
.57 
238 


H23 


J. 

2. 
J-- 
4.. 

5  - 

6.  .  ■ 
7.. 
H.  . 
9--- 
«. - 

11.  ,  - 

12.  -  - 
«. .  - 
M„  - 
15..  - 
1«. .  -  ' 
17..  -      - 
18..-  - 
19.      '  - 
JO..-  -  ' 
21..-  -  - 
22...  - 
•i3.  -  '  - 
24 

25.        - 
2ft.-   -  - 
27-- ■■-- 
28-  •   -• 
2».---    " 
30.-     -■ 

SI      ■' 


"Si'    - 


f 
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-,,  -    -11.    M », 


IHU. 

J.r- 

\  C 

"lu-^ 

4  . 

AopislS 

August  15. 
AupMt2:.. 

3«« 

>l.       // 

t  EEEK. 

Iron  Creek  ris<^  in  an  *rva  *•-  liirit>>Tono  ami  stlii.si  liilU  of  !.• 
elevation  lying  iK-iween  >alm"n  Lake  ami  tlu»  Iu'imIvmiU  i.  «/  ^ 
Paga  and  Eldorado  river^-     It  is  foniied  by  lh«»  juui  lion  •/  •. 
and  Telegram  creeks.     Its  principal  triluitnrirh  uh    I;.,.      - 
Canyon  creeks,  both  from  the  smilhwest.     Thi'  port;., 
above   Discoverv   Creek    is    sometinu^rt    «'Hllr<l    boi., 
Creek  empties  into  Knizgamepa  River  about   '^  • 
Lake. 

Several  mines  are  being  worked  sucr^hrtfull^ 
Wbutaries.     During  1006  the  Gold  lUi^l    :. 
built  a  ditch  13  miles  long,  which  div«-ri 
covery,  and  Canyon  creeks,  for 
claims  on  Iron  Creek. 


\y  i' 


Uh>4»    Ol      ]>*' 


MeasuremeniH  of  Iron  <  > 


•he 
I.  Lied 
1    the 


to  Miocene 


I>ato. 


I       Elevation 
,.   ,.,1  'above  sea  level. 

'"''*•  |_ _. 

^''^^'    1  Intake,  outlet. 


&tl3 1  Eldorad«<c«. 


!) 


,/^vnd>t'r.-tinMP^H ^,#111  Ii«^H*"»|* 


I 
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Length  of  ditch,  pipe^  and  tunnel  necessary  to  carry  water  from  Sinuk  River  to  Mioceru 

flume — Continued. 

BY  TUNNEL  AND  GOLDBOTTOM  CREEK. 


Section. 


Kind  ol  con- 
struction. 


Length. 


Fall  per  j 
mile. 


Total 
fall. 


Eleration 
ahoTesealevd. 


Intake.  Outlet. 


iP'.P^.- 


Windy  Creek  to  Sinuk  River | ^'^^ 

Sinuk  River  to  tunnel '.   .  .do. . . 

Sinuk  River  through  to  Silver  Creek I  Tunnel . 

Stiver  Creek  to  Ooldbottom  Creek !  Ditch . . . 

Goldbottom  Creek  to  flume do. . . 


(Ditch... 
Pipe.... 
Tunnel. 


MOes. 

1.8 
<i4.1 
42  ' 


l.l 

*12.4 
9.2 

29.9 
1.8 
LI 

'rt.     1 

Feet. 

Feet. 

Feet. 

15 

27  , 

820 

793 

4.5 

18 

793 

77S 

17 

770  1 

753 

7 

753  1 

746 

4      1 

51 

705, 

654 

*      1 

37  1 

613  1 

476 

BY  DITCH  AND  SIPHONS  ACROSS  STEWART  RIVER  AND  GOLDBOTTOM  CREEK, 


Windy  Creek  to  Sinuk  River {DiS^h*. 

Sinuk  River  to  Siphon do. . 

Near  Francisco  Creek  to  l>elow  Mountain  .  Pipe. . 
Creek. 

Siphon  to  Goldbottom  divide '  Ditch . 

Goldbottom  Creek  to  flume do. 


Total. 


/Ditch. 
IPipe.. 


L8 

15 

«4.l 

4.5 

20.0 

4 

1.5 

35 

2.0 

4 

9.2 

4 

35.3 

3.3 

27 
18 

80  1 
52  1 

820 
793 
770 
690 

793 
775 
G90 
638 

37 

638 
513 

6W 
476 

a  2.1  miles  of  ditch  may  be  avoided  by  carrying  the  water  of  Windy  Creek  in  a  siphon  3,500  feet  long 
across  Sinnk  River. 
b  6.1  miles  of  ditch  may  be  replaced  by  1.2  miles  of  siphon  across  Stewart  River. 


UPPER   SINUK   RIVER. 

The  gagings  on  the  upper  Sinuk  were  made  at  an  elevation  of  770 
feet,  and  show  the  probable  water  supply  which  could  be  diverted 
from  this  stream  for  any  of  the  plans  just  described. 

Discharge  m^easurements  of  upper  Sinuk  River  in  1906, 
[Elevation,  770  feet;  drainage  area,  6.2  square  miles.] 


Date. 

Discharge. 
Sec-feet. 

a3 

Aumiat  3 . . 

Date. 

i  Discharge, 

June  27 

1 

,   Sec.-feei, 

...                 20 

J  uly  0       

37      August  10. 

36  1 

...'                 23.S 

July  20 

1                        * 

1 

WINDY 

CREEK. 

Windy  Creek,  the  first  large  tributary  of  Sinuk  River,  lies  between 
the  main  ridge  of  the  Kigluaik  Mountains  and  the  headwaters  of  the 
Sinuk.  It  adjoins  the  w^est  fork  of  Grand  Central  River,  from  which 
it  may  be  reached  by  crossing  a  high  divide.  The  topography  is  very 
rough,  the  crc  'k  being  entirely  lost  in  some  places  in  the  large  bowl- 
ders which  form  its  bed. 
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Discharge  mvasurements  of  Windy  Creek  in  1906. 


Date. 


June  21 . . 
June  27.. 
July  13. . 
July  20.. 


Elevation  I 

at  point  of  Di^bftrjre 
measure-   .  ^»»^"»f¥«- 


measure- 
ment. 


1,100  I 

1,100 

a650 

ft50 


Sec-feet. 


a  Drainage  area,  12  square  miles. 


Date. 


Elevation  I 

at  point  of   niseharco 
measure-  i  A^'^enargo. 

ment. 


August  3 

17  '    August  10 

114  I.  September  6. 

48  ; 


650 
650 

650  I 


Sec-feet. 


32 
«»35 
632 


J 

b  Estimated. 


NORTH    STAR    CREEK. 

North  Star  Creek  lies  between  Sinuk  River  and  Windy  Creek,  and 
is  a  tributary  to  the  latter  near  its  mouth.  It  is  a  small  stream  with 
a  steep  slope. 

Discharge  measurnnents  of  North  Star  Creek  in  ]9()€. 
(Elevation,  900  feet;  drainage  area,  2.3  square  miles.] 


June  27. 
July  6.. 
July  13. 


Date. 


Discbarge. 


Date. 


Sec-feel. 

9.8  July  20 

18.1    I  August 3.. 

16.4  !  August  10. 


Discharge. 


Sec-feet. 
3.9 
3.0 
2.9 


STEWART   RIVER. 

Stewart  River  lies  south  of  upper  Sinuk  River,  to  which  it  is  tribu- 
tary. It  drains  an  area  of  limestone  and  schist  hills.  The  flow  is 
small  and  the  stream  of  minor  importance. 

Discharge  measurements  of  Stewart  River  in  1906. 
[Elevation,  400  feet.] 


Date. 


July  15. 
July  17. 


Discharge. 


Sec-feet 
72 


Date. 


Discharge. 


July  30.... 
August  19. 


I   Sec-feet. 
028 
11.4 


I 


a  Estimated. 


SLATE   CREEK. 


Slate  Creek  is  the  second  tributary  to  Stewart  River  from  the  north. 
The  following  gives  approximate  measurements  of  the  flow  that  can 
be  diverted  into  Nome  River  over  Divide  Creek: 


Discharge  measurements  of  Slate  Creek  in  1906. 
[Elevation,  700  feet;  drainage  area,  2.1  square  miles.] 


Date. 


July  15.. 
July  17. 


Discharge. 


Sec-feet. 
6.7 
4.4 


Date. 


July  30.... 
August  19. 


Discharge. 


Sec-feet. 
2.8 
2.2 
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OTHER   SINTJK   RIYER  DRAINAGE. 

For  measurements  on  Josie,  Irene,  and  Jessie  creeks,  which  an 
small  tributaries  of  Stewart  River,  see  below. 

CRIPPLE  RIVER  DRAINAGE  BASIN. 
GENERAL  DESCRIPTION. 

Cripple  River  enters  Bering  Sea  about  12  miles  west  of  Nome,  aftei 
draining  an  area  of  about  88  square  miles. 

Aj  yet  but  little  mining  has  been  done  in  this  section,  except  in  th< 
vicinity  of  Oregon  and  Hungry  creeks.  Some  small  ditches  hav< 
been  constructed  at  the  headwaters  of  Cripple  River,  the  principa 
one  being  the  Cedric,  which  diverts  water  from  the  Stewart  Rivei 
drainage. 

CEDRIC  DITCH. 

The  Cedric  ditch  was  built  in  1905  to  divert  water  from  Josieand 
Jessie  creeks  (tributary  to  the  Stewart  River)  over  the  divide  to  the 
Cripple  River  basin  for  use  on  Oregon,  Hungry,  Trilby,  and  Nugget 
creeks.  After  passing  the  divide  it  picks  up  water  from  uppei 
Oregon  (2  forks),  Slate,  and  Aurora  creeks,  which  are  its  principal 
feeders,  and  from  Daisy  Swift  Creek,  Snowshoe  Gulch,  and  three 
other  small  gulches.  It  has  a  total  length  of  about  19  miles  and  a 
width  of  from  4  to  8  feet.  The  elevation  of  the  head  is  about  870 
feet  and  of  the  outlet  790  feet.  The  capacity  of  the  lower  half  is 
about  25  second-feet.  Water  is  carried  across  Oregon  Creek  neai 
the  outlet  by  a  siphon  2,970  feet  long,  of  30-inch  riveted  steel  pipe. 
There  are  about  6  miles  of  distributing  ditches  at  the  lower  end. 

The  following  measurements  were  made  to  determine  the  amount 
of  water  available  for  the  ditch: 

Water  available  for  Cedtic  ditch  in  1906. 


Josie  Creek 

Irene  Creek 

Jessie  Creek 

Upper  Or^on  Creek . 

Slate  Creek 

Aurora  Creek 

Daisy  Swift  Creek... 


Stream. 


Total  available  for  ditch. 


«  Estimated. 

b  Measured  below  ditch  level:  only  almut  half  this  amount  Is  available  for  the  ditch. 
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Seepage  measurements  on  Cedric  ditch. 


Date. 

Point  of  measurement. 

DisdiAige. 

Loss. 

1 

Dls-     I  Loss  per 
tance.    1     mile. 

July  30 

Below  upper  Oregon  Creek 

Sec.'feet. 
2.6 
1.9 
3.9 
3.1 
5.2 
4.7 
4.5 
2.5 

Sec.'feet. 

MUes.     Sec.'feet. 

Do 

Above  Slate  Creek 

0.7, 

is  1         6.3 

Do 

Below  Slate  Creek 

July  31 

Above  Aurora  Creek 

.8 

1.8               .4 

Do 

Below  Aurora  Creek 

Do 

Above  Daisy  Swift  Creek 

.5 
2.0! 

2.0  1             .25 

Do 

Below  Daisy  Swift  Creek 

.6  '             .3 

Do 

At  p^istock 

3,7  1             .5 

Total...  .                                      .  .  . 

1 

4.2 

1 

10.4  .              .4 

PENNY  RIVER  DRAINAGE  BASIN. 

Penny  River  enters  Bering  Sea  a  little  east  of  the  mouth  ot  Cripple 
River,  and  has  a  drainage  area  of  36  square  miles.  Its  waters  are 
being  used  by  the  United  Mining  Company  on  the  tundra  near  the 
old  beach,  and  are  diverted  by  means  of  two  ditches. 

The  following  measurements  were  made  in  the  Penny  River 
drainage: 


Date.         1                                Point  of  measurement. 

Elevation.    Discharge. 

August  1 Below  intake  of  high-line  ditch 

Feet.         Sec.'feet. 
420  1                7.8 

Do Sutton  ditch  at  Intake 

120                 30.0 

Do *  Penny  River  below  Sutton  ditch  intake 

120                   6.2 

SNAKE  RIVER  DRAINAGE  BASIN. 

Snake  River  empties  into  Bering  Sea  at  Nome.  It  has  a  drainage 
area  of  110  square  miles,  which  contains  some  of  the  richest  mining 
ground  in  the  Seward  Peninsula,  notably  the  claims  on  Glacier,  Anvil, 
and  Little  creeks.  Owing  to  the  slight  fall  its  use  for  mining  purposes 
is  limited  to  ground  sluicing.  All  the  available  water  from  both  the 
main  stream  and  its  tributaries  is  being  used,  and  water  is  diverted 
mto  this  area  by  the  Miocene  ditch,  the  Seward  ditch,  and  the  Nome 
River  ditch  of  the  Pioneer  Mining  Company. 


FLAMBEAU  AND  ELDORADO  RIVER  DRAINAGE  BASINS. 

These  streams,  rise  near  Salmon  Lake  and  flow  in  a  southerly  direc- 
tion to  Bering  Sea  near  Cape  Nome.  Because  of  their  minor  impor- 
tance, but  one  measurement  was  made  upon  them.  The  flow  of 
Eldorado  River  was  measured  August  14  below  the  mouth  of  Venetia 
Creek  and  found  to  be  44  second-feet. 
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AVAILABL.K  WATER  8tTPPL.Y  DURING  1906. 

In  order  to  determine  the  amount  of  water  that  could  have  been 
used  during  1906  for  hydraulicking  the  placers  near  Nome,  the  mean 
flow  of  the  streams  in  each  drainage  basin  has  been  tabulated  bv 
weekly  periods  in  the  table  on  page  45.  In  using  this  table  the  fol- 
lowing points  should  be  noted: 

The  *' high-level  flow  of  Nome  River  *'  represents  the  total  amount 
of  water  in  that  river  above  Miocene  ditch,  including  the  flow  of 
Campion  ditch,  David  Creek,  and  Hobson  Creek.  The  flow  of  the 
springs  on  the  latter  creek  has  been  taken  as  14  second-feet,  except 
for  the  first  week  in  July,  when  it  did  not  exceed  10  second-feet. 

*^Ijow-level  flow,  Nome  River,''  includes  all  additional  water  down 
to  the  Pioneer  ditch.  This  has  been  estimated  on  basis  of  drainage 
area  as  equal  to  90  per  cent  of  the  naural  flow  at  Miocene  intake,  plus 
about  3  second-feet  at  Hobson  Creek. 

** Grand  Central  River"  includes  the  station  below  the  forks  and 
those  on  Thompson  Creek  and  Gold  Run,  and  gives  the  amount  that 
can  be  brought*  over  the  Nugget  divide. 

The  mean  flow  of  "Nugget,  Copper,  and  Jett  creeks"  gives  the 
amount  that  can  be  brought  ov6r  the  Nugget  divide,  and  was 
estimated  from  the  few  measurements  obtained. 

The  flow  of  ''Sinuk  River  and  its  tributaries,  Windy  and  North 
Star  creeks,"  has  been  estimated  for  an  elevation  of  800  feet,  which  is 
as  low  as  the  water  can  be  taken  over  the  divide  into  Nome  River 
(see  p.  39). 

The  amount  of  this  flow  was  obtained  by  taking  70  per  cent  of  the 
flow  of  Grand  Central  River  below  the  forks,  this  percentage  being 
determined  as  follows; 

Comparison  of  flow  of  Grand  Central  River  below  forks  unth  that  of  Sinuk  River  and 
its  tributaries  at  elevation  800  feet. 


Date. 


Juno  2«,  27.. 

July  0 

July  13 

July  20 

.\ugust  3 

August  10... 
SepU*mt)er  t> 


1 

Sioak. 

Sinuk 

Windy 

North 
Star 
Creek. 

Grand 
ConlnU 

Windy.  Md 
North  Sur 

Rivor. 

Creek. 

Total. 

b«4ow 
1    forks. 

inwremt 
olGnmd 

Cfotral- 

Sec-feet. 

Sec. -feet. 

Sec-feet. 

Sec-feet. 

Sec-feet. 

:« 

22 

10 

65 

105 

e 

37 

(35) 

18 

90  . 



(75) 

86 

16 

177 

198 

* 

36 

36 

4 

76 

100 

> 

20 

24 

3 

47 

67 

78 

23.;. 

26 

3 

52.5 

65 

Hi 

(20) 

24 

(3) 

47 

67 

The  drainage  areas  of  Grand  Central   River,  Sinuk  River,  and 

Windy  and  North  Star  creeks  lie  adjacent  to  each  other  on  the  north  ■ 

and  the  south  side,  respectively,  of   Kigluaik  Mountains.     On  th«  I 

days  when   measurements  of   flow  were  made   of   the   streams  on  i 
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both  sides  of  the  mountain  it  was  found,  as  shown  in  the  preceding 
table,  that  the  flow  on  the  south  side  was  from  62  to  89  per  cent 
of  the  flow  on  the  north  side.  It  is,  therefore,  conservative  to  say- 
that  the  average  combined  flow  of  Sinuk  River  and  Windy  and 
North  Star  creeks  will  be  70  per  cent  of  the  flow  of  Grand  Central 
River  below  the  forks. 

The  following  table  should  not  be  taken  as  indicating  the  water 
that  can  be  used.  This  will,  of  course,  be  limited  by  the  capacity  of 
ditches  that  can  be  built  economically.  In  the  ecnomical  construc- 
tion of  a  ditch  the  size  will  depend  largely  upon  the  duration  of  the 
low-water  flow.  This  will  probably  limit  the  size  in  most  cases  to 
twice  the  minimum,  except  for  short  ditches. 

Mean  weekly  tvaler  supply,  in  second-feet^  available  for  use  hack  of  Nome,  1906, 


Available  j 
for  use  at  | 
elevation 
250  to  275  ' 
feet. 


Available  for  use  at  elevation  400  to  450  feet. 


Dates. 


Nome  Nome 

Iliver  low  ,  River  high 

level,      I      level. 


July  1-7 1 

July  8-14 

July  15-21 

July  22-28 

July  29-AugU8t  4 r I 

Augustan j 

August  12-18 ' 

August  19-25 

August  26-September  1 ' 

September  2-9 

September  9-18 1 

September  18-30 

Mean 

Maximum 

Minimum 


31 

no 

36 
29 

22  I 
26  ' 
34  I 

58 
94  I 
48 
33 
86| 


45 
144 
58 
49 
42 
45 
53 
84 
128 
73 
.53 
118 


51 


110 


144  I 
42 


Upper 

Grand 

Central. 

ThompBon. 

and  Gold 

Run. 


153 
343 
179 
156 
101 
108 

91 
138 
202 
101 

68 
250 

158 

343 


Nugget, 
Copper, 
ana  Jett 
creeks. 


I      Sinuk 
'     River, 
I  Windy  and 
I  North  Star 
I     creeks,     i 


26 

15  ! 
12  ] 

8  ' 

10 
'22 

14 

9  1 
20 

13 

26 

7 


88  ' 
173 
90  ' 
79 

50  I 
49 
42  I 
62 

51  I 
36 

125 

78 
173 
36 


Total. 


324 
796 
378 
325 
223 
236 
228 
352 
540 
287 
199 
599 

375 

796 


WATER  8UPPr.Y  AVAIIiABIiE  FOR  OTHER  YEAR8  AND 

liOCAtilTIES. 

But  little  definite  information  in  regard  to  climatic  and  other  con- 
ditions at  Nome  prior  to  1900  is  known.  The  climatic  conditions  of 
that  year  are  described  by  the  old  residents  as  very  similar  to  those 
for  1906,  both  being  dry  and  warm  seasons.  The  years  1901,  1902, 
1904,  and  1905  are  described  as  being  wet  and  cold;  1903  was  dry  in 
the  eastern  portion  of  the  peninsula.  There  were,  therefore,  two 
years  of  drought  out  of  a  total  of  seven,  and  it  is  probable  that  similar 
low-water  periods  will  occur  every  few  years. 

Notwithstanding  the  fact  that  the  flow  for  1906  was  as  a  whole 
below  the  normal,  there  were  weeks  when  it  probably  reached  an 


b 


tibh^olutc^  sunuiuT  iiuixinnini;  for  instance,  the  sse^ond  wee! 
Thi^  rain  f*tnnn  of  July  S  w4ls  one  of  the  ncvcrest  wkicli 
known  in  thiit  mM-tion,  and  owin^  to  the  frozen  conditkii 
j;rtHUul  pm<  tically  a)l  tliiis  rain  ran  off  within  a  few  daipT*.  ais^ 
niaxiniufri  lii^h- water  How  to  nearly  all  the  i^t reams  (see^^^ 
wtH'kn  he^innin^  August  16  and  September  18  there  Wii^^| 
enihle  rain,  and  thene  weeks  were  probably  t\T5ical  of  h^ 
The  week  hej^inninj^  Jnly  2^*  pn>bably  showed  as  small  a  flnir 
bo  exported  before  the  cold  w  pat  her  Jessens  the  yield  of  biafel 

The  ttho%e-d escribed  conditions  are  due  to  the  f«<*t  that  ll 
eipal  source  t>f  water  supply  of  this  country  i&  the  rainfi^ 
ap|K!ars  almost  iru mediately  in  the  streams.  Tberefon*  n  \*m 
wtoriu,  even  in  a  dry  seat^ton*  will  ^ive  the  same  ronditiims^ot! 
iiiudlar  storm  during  a  wet  netison.  The  above  taiile  of  weo| 
therefore,  can  be  u.sed  as  a  general  criterion  for  hydraulic  A 
ill  this  ,section. 

In  order  to  predict  wliat  the  How  would  be  in  other  areas 
Seward  Peninsula  the  following  tablen  have  Jhm^u  prepitred 
the  absolute  daily  minimum  and  the  mean  itionthiy  flow,  in 
feet  per  stjuare  mile^  for  the  various  streams,  , 

lliese  streams  have  been  ^ouped  into  two  ela^eses:  (1)  tM 
m  foothills,  having  southern  exposures  and  hut  few  pileheiii 
snow  can  i*o  stored;  (2)  streams  risinj:!^  in  mountainous  air 
northern  exposures  and  many  t^ulches  in  which  snow  i>  -t* 
held  (lurinij:  the  whole  sunnner. 

Th(*  mininmni  and  niean  flow  can  l)e  ol)taine(l,  a|)pr<)xii;i;: 
inulti[)lyini:  the  drainage  area  of  a  stream  hy  the  ilow  per  xjii 
^i\'(Mi  in  the  tahles  for  a  streani  of  similar  eliaraeter. 
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Mininiiini  iliiUij  j]n\r  of  strauns  In  St  hqk^  J'i  n ni.<n In  '/•■ -'/.r;  i  < 
SIRKAMS   RISlNci    IN    Koormi.LS 


Iron  ( 
Kl.lor 
Irtt  ( 
Coi.IM 

|);l\irl 
Dnror 
l|..l.>;n 
Sb.tr  ( 

I'tMUlV 


•r.Tk    l.rl..\ 
II. lo     1<1V«T 

n>ck 

r  ("rr.'k.  .  . 
•t  Cn'.k.  . 
Cnvk.  ..  , 
V  Crr.^k 
I  Cnvk. 
r.'ck  ( t  ril 
I   lvi\rr.  . 

Kl\.T.  ,  . 


Mith 

M\V    III 


.1"  ('• 
)nth 


inon  ('rr«"k .    . 


i>l  StfWJirt  ' 


KIOVM- 

tion. 

l),lt 

F,ft. 

--^ 

4.Vt 

Au^' 

11 

-100 

.<!. 

MM) 

S.  j»t 

10 

KOO 

Aiii: 

11 

7^.') 

I  uric 

_N 

.V,«> 

Au^. 

l'.» 

.VU) 

Aup. 

is 

,'iO<) 

hilv 

A 

700 

AUK. 

IV 

-100 

.1. 

120 

An?. 

1 

Mir 


"  l.uwrsi  iiifjisurr'nirnts  obtaiiK^d.     Tln>  How  was  loss  on  cortuin  (iatcs. 
'>  Itif  lowest  How  lilt. Tin  thesrasoii  was  :{.0  s.H-oiid-fcot.  or  1 .4  sri-ornl-t.s-t  ]M'r  v.jt; 
'^  The  (low  of  nol.s(.ii  Tnvk  is  from  largr  limestone  springs  whos»-  cnt<'hinei:t  . 
with  the  surface  watershed. 
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Minimum  daily  flow  of  streams  in  Seward  Peninsula  during  1906 — Continued. 
STREAMS  RISING  IN  KIOLUAIK  MOUNTAINS. 


Stream. 


Grand  Central  River  (North  Fork) . 
Grand  Central  River  (West  Pork) . . 


Eleva- 
I   tion. 


Feet. 
750 


Grand  Ontral  River  below  the  forks. 


Grand  Central  River  below  Nugget  Creek 

Between  station  below  the  forks  and  station  at  Nug- 
get Creek 


Crater  Lake  outlet. 


850 

680 
455 


Date. 


July     I 
Sept.  15 

to 
Sept.  17 
Sept.  16 

to 
Sept.  17 

.do.. 


Minimum 
Minimum  Drainage    run-off 
flow.  area.        per  sq. 

mi. 


Thompson  Creek. 


Windf  Creek 

North  Star  Creek. 

Sinuk  River 

BufEalo  Creek 

Nome  River 

Fox  Creek 


Crater  Creek 

KrujEgamepa  River. 


025 


650 
900 
770 
800 
575 
550 

550 


442 


do... 
Sept.  15 

to 
Sept.  17 
Sept.  16 

to 
Sept.  17 
Aug.    3 
Aug.  10 

Aug.  5 
Aug.  16 
Sept.  16 

to 
Sept.  17 
Aug.  19 

Sept.  17 


Sec-.feet.  Sq.  miles.  Sec-feet. 
23  &4  4.3 

I 


19 

&4 

3.5 

47 

14.6 

3.1 

90 

39 

2.3 

43 

24.4 

1.76 

3.1 

1.8 

1.7 

5 

2.5 

2.0 

32 

2.9 
20 

9.1 
20 
17.3 

12 
2.3 
6.2 
4.4 

16 

11 

2.7 

1.26 

3.2 

2.1 

1.3 

1.6 

39 

176 

81 

2.16 

Mean  run-off,  in  second-feet  per  square  mile,  at  gaging  stations. 


SUtion. 


Grand  Central  River  (North  Fork),  ele- 
vation 750  feet 

Grand  Central  River  (North  Fork),  ele- 
vation 1 ,030  feet 

Grand  Ontral  River  (West  Fork),  ele- 
vation 880  feet 

Grand  Central  River  (West  Fork),  ele- 
vation 1,010  feet 

Crater  Lake  outlet 

Thompson  Creek 

Grancf  Central  River  below  the  forks. . . . 

Grand  Central  River  below  Nugget 
Creek 

Kruzgamepa  River  at  outlet  Salmon 
Lake 

Between  Grand  CJentral  River  below  the 
forks  and  Knireamepa  River  stations. 

Nome  River  at  Miocene  intake 


Drain- 
age 
area. 


Julv  1-31  I  -^"Jy  ^"'* 
JUiy  1->J1.  ^jj^  jj_3. 


Sq.  mi. 

5.4 

2.3 

5.4 

2.8 
1.8 
2.5  i 
14.6 

39 

81 

66 
15 


«7.53 


Aug.  1-31.:  Sept.  1-30. 


Sept.  1-18 


10.3 

9.64 
10.8 
8.20 
8.36 


7.05  , 


3.43 


2.71 


11.9 

6.02 

4.96 
6.56 
6.64 
5.84 

a  4.42 

3.20 

2.62 
3.36 


5.85 

9.65 

4.72 

3.36 

2.89 

3.04 

4.25 

3.36 

5.63 

3.05 
2.79 

4.29 

a  Approximate. 


DITCH  AND  PIPE   TWINES. 

In  order  to  bring  the  water  to  the  gold-producing  ground  between 
Capes  Nome  and  Rodney  at  sufficient  elevation  to  be  used  for  hydrau- 
licking  and  sluicing,  nearly  300  miles  of  ditch  and  pipe  line  have 
been  constructed  and  several  extensive  additional  systems  are  now 
under  construction  or  consideration.  The  first  ditch  in  this  section 
was  built  in  1901,  by  W.  L.  Leland  and  J.  M.  Davidson,  from  upper 


in*:  on  the  material. 

Tlio  work  of  constructing  a  ditch  is  iisualli 
classes:  (1)  Team  work;  (2)   pick  and   shovel 
work. 

Teams  may  be  used  in  handling  drj-  soil  that  c 
sized  rock.     This  is  the  fastest  method,  and  th 
low(T  banks  by  the  horses  and  scrapers  makes 
when  the  dirt  is  thrown  m  loose. 

Pick  and  shovel  are  used  in  loose  rock,  in  wi 
ground  from  which  the  top  is  removed  as  it  tha 

Rock  must  be  blasted,  unless  it  is  fissured  li 
be  loosened  with  the  crowbar,  or  decomposed  s 
the  pick.  In  building  through  solid  rock,  a 
about  1  foot  beh)w  grade  and  wide  enough  to 
the  lower  bank,  which  is  built  of  rocks.  The  bi 
an*  lined  with  sod  about  1  foot  thick,  and  are  p 

In  rock  slide  the  metliod  is  similar.  A  good 
of  construction  was  seen  on  the  Grand  Central  b 
systtMU.  The  ditch  was  built  through  a  pih 
unmixed  with  any  soil  or  gravel.  A  trench  wai 
and  2  feet  wider  than  the  finished  ditch.  The 
were  Hned  with  a  slope  wall,  laid  1  to  1,  to  a  I 
The  outer  slope  of  the  lower  bank  was  also  rock 
flatter.  The  ditch  will  be  lined  with  sod  and  m 
manont. 
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or  no  sediment  between  them.  In  this  case  the  ditch  must  be  lined 
with  sod  and  all  holes  must  be  filled  by  tamping  sod  into  them  as  far 
as  possible.  This  being  done,  it  will  be  found  that  the  water  travel- 
ing through  the  ditch  will  deposit  sediment  over  the  sod  and  that 
after  a  little  while  it  will '  ecome  tight. 

Canvas  is  also  used  as  a  lining  to  secure  water-tightness.  Willows 
with  the  tops  left  out,  so  that  they  may  grow,  are  utilized  in  embank- 
ments with  success. 

In  construction  over  "glacier,"  which  is  the  term  used  for  frozen 
muck  mixed  with  ground  ice,  the  ditch  is  either  built  wholly  on  top 
of  the  sod  covering  or  an  excavation  is  made  and  lined  with  sod. 
Ditches  over  this  material  are  expensive  to  maintain,  owing  to  the 
thawing  of  ice  by  rimning  water. 

One  of  the  most  interesting  pieces  of  construction  over  glacier  is 
the  flume  on  the  Miocene  ditch.  This  flume  is  1,100  feet  long,  and 
has  a  width  of  8  feet  and  a  depth  of  28  inches.  It  was  constructed 
in  1901,  and  is  now  in  practically  perfect  alignment,  both  hbrizontal 
and  vertical,  and  no  repairs  have  been  necessary  on  it.  In  putting 
in  the  foundation,  trenches  were  dug  3  or  4  feet  deep  in  the  frozen 
ground,  which  was  practically  all  ice.  The  excavated  material  was 
covered  to  protect  it  from  thawing.  A  sill  was  laid  in  the  bottom  of 
the  trench  and  the  uprights  fastened  to  this  sill.  The  excavated 
material  was  then  replaced  in  the  trenches  and  froze  again  into  the 
original  condition.  Sod  was  carefully  placed  over  the  trench.  The 
uprights  were  then  sawed  off  to  grade  and  the  flume  constructed  on 
them. 

Inverted  siphons  are  built  across  deep  ravines  where  their  use  will 
save  expense  and  reduce  loss  by  seepage.  Most  of  these  are  of  riveted 
steel  pipe.  Joints  are  made  by  lapping  the  ends  from  4  to  6  inches. 
Siphons  must  be  weighted  down  and  protected  by  rock  to  prevent 
injury  by  frost  and  snow  slides.  During  1906  two  siphons  were 
built  on  the  Seward  ditch,  across  Clara  and  Hobson  creeks,  using 
continuous  wood-stave  pipes  with  steel  bands. 

On  account  of  the  rapid  surface  run-off  during  hard  rains,  it  is 
necessary  to  have  frequent  waste  gates.  The  most  common  waste 
gates  consist  either  of  a  flume  as  deep  as  the  bottom  of  the  ditch, 
in  which  the  height  of  the  water  is  regulated  by  flashboards,  or  of  a 
long  weir,  laid  on  the  ground  surface,  which  will  spill  the  water  when 
it  reaches  a  certain  level. 

Intakes  of  ditch  consist  of  a  dam  or  barrier  across  the  stream, 

containing  one  or  more  waste  gates,  and  head-gates  for  regulating  the 

flow  into  the  ditch.     In  order  to  divert  the  entire  flow  of  a  stream,  a 

bed-rock  dam  must  be  built  to  stop  the  ground  flow  through  the 

.  gravelly  beds.     These  are  made  by  cutting  a  trench  across  the  stream 
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bed,  extending  down  to  an  impervious  stratum,  and  filling  it  with  sod, 
which  is  carefuUy  laid  and  tamped.  The  dam  should  be  protected 
from  erosion  with  large  flat  rocks  or  riprap. 

Frozen  ground,  inadequate  facilities  for  transportation,  and  high 
cost  of  help**  and  supplies  make  ditching  very  expensive.  To  the 
first  cost  of  a  ditch  should  be  added  the  cost  of  maintenance  for  the 
first  three  years,  during  which  time  extensive  repairs  are  necessary. 
These  in  many  cases  equal  the  first  cost  of  construction.  At  the  end 
of  three  years  ditches  are,  as  a  rule,  in  fairly  permanent  condition, 
and  the  cost  of  maintenance  is  greatly  reduced.  Such  information 
as  could  be  obtained  shows  that  the  cost  of  a  ditch  carrying  from 
1,000  to  2,000  inches,  including  the  first  three  years'  maintenance, 
is  from  $5,000  to  $8,000  per  mile.  Owing  to  dangers  from  wash- 
outs and  landslides,  it  is  necessary  to  have  the  ditch  constantly 
patrolled. 

Owing  to  the  frozen  condition  of  the  ground,  it  is  not  practicable  to 
use  ditches  much  before  the  1st  of  July,  as  the  surface  does  not  become 
fully  thawed  imtil  that  time,  and  during  the  thawing  period  the  ground 
becomes  very  soft  and  there  is  great  danger  of  damage  by  washouts. 

The  following  table  gives  a  list  of  the  principal  ditches  in  this  sec- 
tion. The  data  given  are  in  some  cases  only  approximate,  as  it  was 
necessary  to  obtain  them  by  inquiry. 

Ditdies  between  Cape  Nome  and  Cape  Rodney,  Seward  Peninsula. 


Nanio. 


Extends 


I 


From- 


To- 


Miocem^      Ditoh 
Co.: 
Main  ditch... 


Feeding   lat- 
erals. 


Nome  River... 
Hobson  Creek. 
The  Ex. 


Upper  Glacier 
Creek. 

Grouse  Creek.. 

Upper  New  El- 
dorado Creek, 

David  Creek... 


Distributing 

laterals. 
TunneJ , . 

WUd  Goose  Min- 
ing and  Trad- 
ing Co.: 
Seward 

Pipeline 


Jett  Creek 

Grand  Central 

River. 
The  Ex 


Kane  ma  Gulch 
Glaci3r  Creek. 


Nome  River 
below  Doro- 
thy Creek. 

Crater  Lake . . . 

Nugget  Divide. 

Pumping  plant. 

No.    3,    below 

Little  Creek. 


ilobson  Creek . 

The  Ex 

Snow  Guich  . . . 
The  Ex 


Length. 


13 
14 
4 
2 


Fliune 

Sparkle  Creek. 

Nome     River  I 
above   main 
intake. 

Numet  Divide 


Com- 
pleted. 


1003 
1902 
1901 
1901 


Bot- 
tom 
width. 


Fert. 
8 
10 

8 


FaU 
per 
mile. 


Feet. 
4.5 

&5 


Grass  Gulch... 

New  Year 
Gulch,  Anvil 
Creek. 


Saturday 
Creek. 

Nugget  Divide. 
Anvfl     Moun- 
tain. 

do 

Pumping  plant. 


7 

1906 

1.8 

as 

8 

1906 

4 

cl,800 

1904 

38 

1906 

8 
36 

^] 

7 
3 

■"1902" 

c»- 


as 

8-10 


6 
*4x7 


6 
S-6 


as 


Sfr.- 

feet. 

40 

S5 

55 

6 

4 

6 


Elevation. 


Head 


Out- 


572  5» 

500  44$ 

445.  430 
445 


47S 


742 
590 


806 
850 


785 
78S 


16  I    445        C* 


10  I    a  18  I 


32       408       374 


«42 

«48 


«18 
4 


eO  I    963 
70   


5i3 


o  Laborers  receive  $5  per  day  and  board;  blackamiths,  cooka,  etc.,  $6. 

b  Under  conatniotlon. 

cFeet. 


<t  Cross  section. 

*  Diameter  in  incbes. 
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Ditches  between  Cape  Nome  and  Cape  Rodney,  Seward  Peninsula — Continued. 


Extends 


Name. 


From— 


To- 


Length. 


C!om- 
pleted. 


Bot- 
tom 
width. 


Pioneer    Mining 
Co.: 
South  banlc . . 

North  Bank.. 


United  Ditch  Co.  : 

Sutton , 

HighUne 

Miflcellancons: 

Cedric 

Campion 

Northwest- 
em  Ditch 
Co. 

Northland 
Mining  Co. 

Hot  Air 


No.   2,   above  No.    1,    below 

AnvUCreelc.  Anvil  Cpw»1c. 

No.  4,  above  Moonlight  Res- 
Anvil  Creek.  ervoir. 


Nome  River, 
above  Clara 
Creek. 

Penny  River. . . 
do 


Little  Creek. 


Beach. 
do. 


JosieCrBek... 

Buffalo 

Osbom  Creek. 


G  o  1  d  b  ottom 

Creek. 
Divining 


Price  and  , 

Tremper.     | 

Golden  Dawn , 

Corson  Min-  \ 

IngCo.         ' 

Plein 


Flambeau 
Hastings. 

C«pt.   Peter- 
son. 

Cripple  River 
Hydraulic  , 
Mining  Co. 

J  o  u  r  d  e  n-  , 
Cummings. 


Glacier  Creek . . 

Twin  Moun- 
tain Creek. 

Last  Chance 
Creek. 

No.  7.  Otter 
Creek. 

Head  of  Flam- 
beau River. 

No.  3v  below 
Anvil. 

West  bank 
CrippleRiver. 

Buffalo  Creek.. 


Hungry  Creek. 

Dorothy  Creek. 

Hastings 

Beachline. 

Balto  Creek... 

GhMJier  Creek 
opposite 
SnowGutoh. 

Op  p  o  s  i  t  e 
Snow  Gulch. 

Alpha  Creek... 

Pioneer  Gulch.. 

Mouth 

Hastings  Creek 
Little  Creek... 


MiUs. 
0.76  I 


1.26  , 


Boer  Creek.. 


19 
4 

18 


12 
6 

2.6 
10 

4 

1 
29 

2.5 
10 


1902 
1903 
1906 


1906 
!  a  1004 


Feet. 
6 


FaU  I  Ca- 
per I  pac- 
mile.  I  Ity. 


Feet. 

7 


Elevation. 


Head 


Out- 
let. 


6   

8  I    3 


1906 
1903 


20-16  , 
7 


4-8 


a  12 

4.22 


4 

7.6 


(«) 

1902 

1 

(a) 

1903 

1 

1904 

i 

1906 

! 

Sec- 

10-12 

1 

40 

100 
25 

120  ! 
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WATKR-POWER  P088IBILITIKS. 

Owing  to  the  great  value  of  water  in  this  section  of  the  country 
for  use  in  the  auriferous  gravels,  but  little  attention  has  been  given 
to  ]>ower  development.  There  are,  however,  a  large  number  of 
excellent  power  sites  on  various  portions  of  the  peninsula  whose 
development  is  feasible,  both  from  an  engineering  and  a  financial 
standpoint. 

The  scarcity  of  fuel  makes  steam  power  very  expensive,  and  it  is 
probable  that  much  of  the  future  mining,  especially  along  the  tundra 
back  of  Nome  and  along  the  larger  streams,  will  be  carried  on  by 
dredging  or  by  some  form  of  elevating  in  which  power  will  play  an 
important  part.  With  this  in  view  the  attention  of  mining  men  should 
be  directed  to  the  consideration  of  power  possibilities.  Among  those 
which  were  observed  are  the  Salmon  Lake  development,  which  has  been 
started ;  the  development  at  Nugget  Divide,  by  bringing  over  the  water 
from  Grand  Central  River;  the  developments  at  Divide  Creek  and  Gold 
Bottom  Creek,  possible  in  connection  with  the  diversion  of  the  Sinuk 
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water;  the  Glacier  Lake  power,  and  many  other  powers  in  the  streams 
of  the  Kigluaik  Mountains,  notably  on  the  glacier-fed  torrents  on 
their  northerly  slope.     (See  p.  38.) 

NOTE8  FOR  INVESTORS. 

Present  information  shows  that  the  total  water  supply  available 
for  use  in  the  vicinity  of  Nome,  and  probably  in  other  parts  of 
Alaska,  is  limited.  Caution,  therefore,  should  be  used  in  extensive 
hydraulic  developments. 

There  is  a  great  tendency  in  that  country  to  push  forward  con- 
struction and  the  installation  of  expensive  machinery  before  making 
a  preliminary  investigation  to  determine  the  feasibility  of  the  project 
from  an  engineering  and  from  a  financial  standpoint.  A  large  por- 
tion of  the  ditch  and  other  hydraulic  work  already  constructed  in 
this  section  has  been  a  failure  from  the  first,  both  on  accoimt  of  insuf- 
ficient water  supply  and  the  lack  of  mineral  ground  on  which  to  use 
the  supply  if  it  were  available,  and  also  in  many  cases  from  inefficient 
construction. 

Furthermore,  there  is  a  great  tendency  for  individuals  and  com- 
panies to  undertake  the  construction  and  installation  of  expensive 
plants  without  employing  the  services  of  an  engineer.  This  has 
resulted  in  total  or  partial  failure,  due  both  to  the  excessive  cost  and 
the  inefficiency  of  the  plant,  where  a  successful  development  should 
have  been  made. 

The  cost  of  useless  machinery,  ditches,  etc.,  which  are  to  be  seen 
almost  everywhere  in  this  section  of  the  country,  amounts  to  hun- 
dreds of  thousands  of  dollars.  This  condition  and  the  tendency  for 
immature  development  should  be  noted  by  all  who  are  looking  toward 
this  region  for  investment,  and  investments  should  be  preceded  by  a 
thorough  investigation  by  competent  engineers. 
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